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PREFACE. 



IN" this book, all the principles of Arithmetic are fully 
developed, and sufficient examples are given to fix 
them on the mind. 

When a student is very apt and thoroughly under- 
stands the Pbimary Lessons, he may omit the Ele- 
MENTABY, and immediately take up this book, which is 
complete in itself. 

I have discarded puzzles of every kind, which only 
perplex the student without advancing him a step in 
science. 

A few simple principles of algebra are introduced, in 
order to elucidate more clearly, the different functions of 
interest, the series of equal ratios, and the square and 
cube root. 

Problems in mensuration are also given, the principles 
of which are derived from Geometry. 

Arithmetic is a pure mathematical science, and if its 
principles are systematically developed, the student will 
progress with easy and rapid steps, and when he has 
finished this b(5ok, he will discover that he has already 
so far ascended the hill of science that a retrospect will 
present to him many beauties which are greatly enhanced 
when seen in their harmonious relation to each other. 
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The Author cannot too highZy recommend to 
the Teacher the use of the Blackboard described 
on the following page. Great facility in com- 
prehending the comibinations and dii/isions of 
nuwibers will be acquired by this method. 



BLAOKBOAED EXERCISE. 

1 This page represents a blackboard with the num- 37 

2 bars as high as 72 painted on its margins. 88 

3 There is also a box containing slips which will cover 39 

4 two, three, four, etc., as high as 12, and numbered 40 

5 accordingly ; one of these the student will take in his 41 

6 hand and apply it to the painted numbers to perform 42 

7 addition or subtraction ; thus, begin at 1 and take a 43 

8 slip i^arked 2, then 1 and 2 are 3, 3 and 2 are 5, 5 and 44 

9 2 are 7, 7 and 2 are 9, etc., counting at least the left- 45 

10 hand column ; then, to perform subtraction, begin at 46 

11 the bottom of the 1st column; thus, 36 minus 2 equals 47 

12 34, 34-2=32, 32-2=30, 30-2=28, etc., until thetop 48 

13 is reached ; then taking a slip marked 3, begin with 49 

14 1 or 2, or first with 1 and then with 2, and return to 60 

15 the top of the column as before, by subtraction ; let 51 

16 this exercise be performed with all the slips, and as 52 

17 the larger numbers are taken, continue the additioiis 53 

18 to the bottom of the 2d column, and return as before. 54 

19 For multiplication and division first make a chalk 55 

20 mark after every two figures up to 24, and mul- 56 

21 tiply ; thus, once 2 are 2, twice 2 are 4, 3 times 2 are 57 

22 6, 4 times 2 are 8, etc. ; then the number of divisions 58 

23 is 12 and each division has 2 numbers ; .*. 12 is con- 69 

24 tained twice in 24, or 2 is contained 12 times, 2 is 60 

25 contained once in 2, in 4 twice, in 6 three times, in 8 61 

26 four times, in 10 five times, in 12 six times, etc. When 62 

27 the student is familiar with multiplication and division 63 

28 by 2, let the numbers be separated into 3's, then 4's, 64 

29 etc., and let each be continued for 12 divisions ; when 65 

30 all the divisions have been performed accx)rding to the 66 

31 steps, beginning with 2 and ending with 12, a multi- 67 

32 plication and division table will be made. 68 

33 Rem. — In multiplication the product of any two f ac- 69 

34 tors is the same by making either the multipficand and ^q 
OK the other the multiplier ; so also in division, the divisor nn 

and the quotient may be substituted, as the dividend 

36 is the product of the divisor and quotient. 72 
Rem. — The numbers, continued up to 144^ should 
be painted on the sides of the board, 
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DEFIJflTIOJ^S. 

!• Arithmetic is the science of numbers. 

2, A Unit is a. single thing; as^ a book^ one dollar, 
or simply one. 

3, A Number is a unit or a collection of units ; as, 
one, ten, five books, twenty-five dollars. 

4, The numbers used in Arithmetic are all fonned by 
combinations of the ten Arabic characters, called Fig' 
ures; viz., 0, called zero or naught; 1, called one; 
2, two; 3, three; 4, four; 6, five; 6, six; 7, seven; 
8, eight ; 9, nine. 

6. Expressing a number either in writing or figures is 
called Notation^ and reading the expression is called 
Numeration. 

6« When numbers are used without reference to any 
object, they are called Abstract Numbers; as, five, 
twenty, etc. ; but when they are applied to things, they 
are called Concrete; as, one book, ten men, four dol- 
lars, etc. 

7. When concrete numbers express values of money, 
weights, measures, time, etc., they are called Denomi^ 
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nate Numbers; as, dollars, pounds, shillings, pounds 
of weight, ounces, hours, minutes, etc. 

8. When different denominations of either kind form 
but one number, it is called a Compound Number; 
as, £A 3s. 6d., 2 lb. 1 oz. 3 pwt. and 2 gr. 

9, Numbers of the same order and the same denom- 
ination are termed Like Numbers; other numbers 
are termed Unlike Numbers. 

Rem. — Nunibers expressing different species of the same genus 
are unlike, as horses and cows ; while the same numbers expressed 
in the term of the genus are alike, as animals. 

MATHEMATICAL TEEMS USED IN ABITH- 

METIO. 

1. An affirmative sentence, or anything proposed for 
consideration, is a Proposition, 

3. A self-evident proposition is called an Axiom. 

3. A proposition made evident by a demonstration is 
called a Theorem. 

4. When a proposition is used for developing a prin- 
ciple of Arithmetic, it is called a Problem. 

5. Propositions given merely for solution, in order to 
impress the principles on the mind, are called Mocam-* 
pies. 

6. An obvious consequence of one or more proposi- 
tions is called a Corollary. 

7. An established custom, or an assumption without 
proof, is called a Postulate. 

Rem. 1 and 1 are 2, 2 and 1 are 3, 3 and 1 are 4, 5 and 2 are 7, 
6 and 3 are 9, etc*, is the postulate which forms the basis of Arith- 
metic, 
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AXIOMS. 

1. If eqnal numbers are added to equal nnmbers, the 
sums will be equal. 

3. If equal numbers are subtracted from equal num- 
bers, the remainders will be equal. 

3. If equals be multiplied by equals, the products wiU 
be equal. 

4. If equals be diyided by equals, the quotients will be 
equal. 

5. If two numbers are each equal to the same number, 
they are equal to each other. 

6. If the same number be added to and subtracted 
from another number, the latter number will not be 
changed. 

7. If a number be both multiplied and divided by the 
same number, the former number will not be changed. 

8. If two numbers be equally increased or diminished, 
the difference of the resulting numbers will be the same 
as the difference of the originals. 

9. If two numbers are like parts of equal numbers, 
they are equal to each other. 

10. The whole is greater than any of its parts. 
!!• The whole is equal to the sum of all its parts. 

SIGNS. 

1. The sign +, called plus^ is the sign of addition, 
and indicates that the number on the right hand is to be 
added to the one on the left. 
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3. The sign — , called niiniis^ is the sign of sub- 
traction, and indicates that the number on the right is 
to be subtracted from that on the left. 

3. The sign x , called into, is the sign of multipli- 
cation, and indicates that the numbers between which it 
is placed are factors of the same product 

4. The sign -^, divided 6i/, the left-hand number 
to be divided by the right hand. 

5. The sign =, equal to^ indicates that the num- 
bers between which it is placed are equal. 

6. 6^, 6^, the 2 and 3 placed to the right, a little 
above a number, indicates the power to which it is to 
be raised. 

7. V^, "Vi indicate the extraction of the square 
and the cube root 
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J^OTATIOK AJ^B JfUMEBATIOJ^. 

1st. A figure standing alone, as 1, 2, 3, holds the units 
place, or is of the 1st order, and is read, oney two, three. 

2d. A number having two figures, as 14, 26, the right- 
hand figure holds the units place, and the left-hand figure 
that of tens, and they are tq^A, fourteen, twenty-six. 

Cor. — ^The rigbt-hand figure of a number is called unitSf or the 
1st order ; the next figure to tbe left is called tena, or tbe 2d 
order; tbe tbird figure, hundreds, or tbe 8d order; tbe fourth 
figure, thousands, or tbe 4tb order ; and if a number be expressed 
with the nine figures in order, making 1 tbe right-band figure, tbe 
figures will express their respective orders ; thus, 
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millions, thoosands, units. 
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02 n QD 

flCQ-g Cl««*f S«J-3 

2§S 3S9 SSg 

^^p ,X)^p ,44Sp 

987,654,321 

If pointed in periods of three figures each, they may be read as 
follows : Nine hundred and eighty-seven miUions six hundred and 
fifty 'four thousand three hundred and twenty-one* 

Hem. — The figures designate the orders. 

Bead the following numbers: 

X... ....... ...a. one. 

91 

A/-L ............. twenty-one. 

d/wX ......... three handred and twenty-one. 

*tyO'Cl. __..__. fonr thooBand three hundred and twenty-one. 

O^yO/CA. ...... fifty-four thousand three hundred and twenty-one. 

K)D^yO/Cl. . _ _ bIx hundred and fifly-four thott«and three hundred and twenty-one. 

4 yUclrfc^O/v J. seven mllHona six hundred and fifly-fonr thousand three hundred and twenty-one. 

R7 f^^d. ^91 -J eiglity-fleven m'Jllona 

O I y\}0'±fO/^l. \ aix hundred and flfty-four thonumd three hundred and twenty-<»e. 

QOiy fifxA Q01 i niQ6 hundred and eighty-seven millions 

«/0 I ,Ucf '±,<i/vX I six hundred and flfty-four thousand three hundred and twenty-one. 

Rem. — The column of I's is of the 1st order, the column of 2's 
is of the 2d order, -the 3's the 3d order, the 4's the 4th order, etc. 

Cor. — The relation of any two consecutive orders is the same, 
for when in addition the sum of any column reaches 10, the left- 
hand figure belongs to the next colunm or order ; hence, a table 
may be formed, thus, 

10 units = 1 ten. 

10 tens = 1 hundred. 

10 hundred = 1 thousand. 

10 thousand = 1 ten-thousand. 

10 ten-thousand = 1 hundred-thousand.- 

10 hundred-thousand = 1 million. 

etc. ^tq. 
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This method of numeration may be extended ; thus, 

2i 3 -S J» . •« 

^ I s ? I s § § 

? 3 I -S I I J § 8* 
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I'k'5' Js'S' E"^^ |'^^ K'^ |v,%« g,^'^ 1^*^ I^V 

Ml i§i isl 151 iSi isi i§l iS| l§i 

t^gl tqgtS t^g£ t^gl ^giS £g| t^gl ^^g t^^l 

123,456,789,123,456,789,123,456,789 

Bem. — This is called the French Method of Numeration, and is 
generally followed ; the English Method has sis figures in each 
period, as follows : 

of Trillions. of Billions, of Millions, of Units, 






I 



'S 



I 4 Hull liilii 

1234 5 6,789123,456789,123456 
Sead the following notations: 



1. 


133. 


8. 


245,678,954. 


a. 


1,234:.. 


9. 


365,421,783. 


3. 


12,345. 


10. 


204,603,207. 


4. 


123,456. 


11. 


100,200,300. 


5. 


1,234,567. 


12. 


30,030,040. 


6. 


12,345,678. 


13. 


3,004,005. 


7. 


123,456,789. 


14. 


12,302,105,401. 
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Additioit and Stxbtbactiok Table. 
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10 
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24 


25 
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14 ADDITION AND SUBTRACTION 

The square made by the ten Arabic characters forms 
an Addition and Subtraction Table. 

Beginning with the first line, thus. Zero and zero are 
zero ; zero and 1 are 1 ; zero and 2 are 2 ; zero and 3 
are 3 ; zero and 4 are 4 ; zero and 5 are 5 ; zero and 6 
are 6, etc. 

The second line, one and zero are one ; 1 and 1 are 2 : 
1 and 2 are 3 ; 1 and 3 are 4; 1 and 4 are 5, etc. 

2 and zero are 2 ; 2 and 1 are 3 ; 2 and 2 are 4 ; 2 and 
3 are 5 ; 3 and 4 are 7, etc. 

3 and are 3 ; 3 and 1 are 4; 3 and 2 are 5 ; 3 and 3 
are 6 ; 3 and 4 are 7, etc. 

Continue this, taking the first figure of the 1st column 
and adding it to each successive figure in the first line ; 
the adding of zero is only nominal, as it makes no 
increase. 

It also "becomes a subtraction table, the figures of the 
first column being the subtrahend, and those of the first 
line the remainders. 

Take zero from 1 and 1 remains ; from 2, 2 remain, 
etc. It may be thus expressed : 1 — = 1; 2 — = 2; 
3 — = 3; 4 — = 4; 6 — = 5; which is read, 

1 minus zero equals 1, etc. 

Second line: take 1 from 2, 1 remains; 1 from 3, 

2 remain; or, 2 — 1 = 1; 3 — 1 = 2; 4 — 1 = 3; 

5 — 1 = 4, etc. 

Third line; 3-2 = 1; 4-2 = 2; 5-2=3; 

6 — 2 = 4; 7 — 2 = 5, etc. 

In addition, we add two numbers at a time, never more, and in 
the first square we have the addition of every two units that can 
come together ; so also in subtraction. 
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In tlie second square, the nnits oonespond with the first square, 
and have an additional ten. 

In the third square, the units again are repeated, and another 
additional ten. 

As a column of tens, hundreds, and every higher or lower 
order is added and subtracted in the same way, the above table 
develops every principle of addition and subtraction. 

Add the column of units. 

One and 2 are 3 ; 3 and 3 are ^; 
6 and 4 are 10 ; 10 and 5 are 15 ; 15 
and 6 are 21 ; 21 and 7 are 28 ; or as 
is enstomary to begin at the bottom 
of the column, 7 and 6 are 13 ; 13 
and 5 are 18; 18 and 4 are 22; 22 
and 3 are 25; 25 and 2 are 27; 27 
and 1 are 28. 
9 + 7 = 16; 16 + 2 = 18; 18 + 
4 = 22; 22 + 6 = 28; 28 + 5 = 33; 33 + 3 = 36. 

Rem. — Although many numbers may be added together, in 
performing the operation only two at a time are added. 

Add the following numbers jointly and separately > 
thus, 



1 


3 


2 


5 


3 


6 


4 


4 


5 


2 


6 


7 


7 


9 


.28 


36 



35 


:= 


30 


and 5 




24 


= 


20 


« 4 




43 


=3 


40 


« 3 




62 


i;^ 


50 


« 2 


21 


67 


= 


60 


« 7 


200 


221 




200 


« 21 = 


221 



The sum of the column of units is 21 ; that is, 1 unit 
and 2 tens ; the sum of the column of tens is 20; that is, 
20 tens or 2 hundred; and the two sums united make 
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221 ; precisely the same as if the column of units is first 
added, and the units of the sum placed under the column 
of units, and the tens added with the column of tens ; 
and then the tens of the sum of the tens column placed 
under the column of tens, and the hundreds in place of 
hundreds. 

CoR. — ^As the relation of each successive order is the 
same, hence for every ten of any order, the 1, or left- 
hand figure, belongs to the next order ; and the process 
is the same in the addition of every column ; that is, one 
is carried to the next column for every ten in the addi- 
tion of each column. 





ADDITIOIT. 




SUBTBACTION. 


3341 


4365 


643215 


876432 


987654 


4356 


5331 


532684 


543210 


321234 


6745 


7546 


478921 






5364 


8433 


586432 


876543 


789654 


19706 






654321 


321043 


764331 


864331 


345678 


869754 




678643 


678963 


987654 


654321 




594731 


987654 


321987 






367543 


456789 


654321 






Add 


7654 
3897 




3465321 
6354789 





11551 

Subtract 
Minuend, 11551 
Subtrahend, 7654 

3897 



9820110 

Minuend, 11551 
Subtrahend, 3897 

7654 
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Minuend, 9820110 Minuend, 9820110 

Suiirahend, 3465321 Subtrahend, 63 54789 

6354789 3465321 

Cob. 1. — The minuend is always equal to the sum of 
the subtrahend and remainder^ and is therefore greater 
than either. 

Cob. 2. — ^Arithmetic is based upon the postulate 
contained in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, which is 
addition, etc. ; and the application of Axiom 6 (page 9) 
to this postulate proves the principle of subtraction; 
thus, 19 + 6 = 25, then 25—6 must be equal to 19. 

Bem. 1.— When the figure of the subtrahend is larger than 
the one above it of the same order of the minuend, 1 of the next 
order of the minuend must be united to the figure of the minuend 
and then the subtraction be performed ; then in order to make 
up for this addition to the minuend, 1 mnst be added to the next 
order of the subtrahend, and then perform the subtraction ; this 
process is called carrying and requires aJl the attention of the 
student. 

Rem. 2. — I prefer few examples, but these may be often 
repeated, and if thought necessary the teacher can give others in 
which the columns are longer. 

Rem. 3.— Each order may be regarded as units, and the sum 
may reach one, two, or more hundred of its order. 

aUESTlONS. 

1. When the sum of the column of units is 157,. where 
do you place the 7, and what do you do with the 15 ? 

2. When the sum of the column of tens and of the 
tens carried from the column of units is 246, what do you 
do with the 6, and what with the 24 ? 
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3. In what does the procjess of the other columns 
differ from these ? 

liEM. 1. — Let the class be thoroughly exercised in subtraction, 
especially in the matter of carrying from one order to another ; 
one example is sufficient to impress it on the mind, as the solution 
may be repeated as often as is necessary. 

Eem. 2. — The teacher can add other questions and larger 
examples if he think proper. 

PRACTICAL EXAMPLES. 

1. A farmer has 7 isattle in one field and 8 in another; 
if he take 4 from the first field and put them in the 
second, how many will there then be in each field? 

2. In one field there are 435 cattle and in another 
657; if 320 be taken from the first field and put in the 
second field, how many cattle are then in each field ? 

Rem. — In subtraction the larger number is the minuend and 
the smaller number the subtrahend. 

3. A merchant bought dry goods to the amount of 
1263 dollars, groceries for 734 dollars, hardware for 
231 dollars, and notions for 137 dollars; what is the 
amount of his purchases ? 

4. A farmer sold a horse for 175 dollars, cows for 
97 dollars, and sheep for 61 dollars; what was the 
amount of his sales ? 

5. A gentleman owns five farms; the first is worth 
10600 dollars, the second 4970 dollars, the third 5000 
dollars, the fourth 6500 dollars, and the fifth 8500 
dollars; the amount of his indebtedness is 7984 dollars; 
if the whole is disposed of at the above rates and 
the debt paid, what sum will he then have ? 
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6. A man bought a horse for 125 dollars and sold it 
for 182 dollars ; how much did he gain ? 

7. A man commenced business with 5000 dollars; the 
first year his profits were 720 dollars, the second 3-ear 
500 dollars, the third year 1000 dollars, but the fourth 
year he lost 2000 dollars ; what was then his capital ? 

8. A man purchased a lot for 900 dollars and erected 
a house on it at the cost of 3875 dollars for the carpen- 
ter's work, 550 dollars for masonry, and the painting 
cost 869 dollars ; he then sold the property for 6000 dol- 
lars ; did he gain or lose by the transaction, and how 
much ? Arts, Lost 1194. 

9. A man bought a barrel of flour for 8 dollars, three 
barrels of pork for 35 dollars, salt for 16 dollars, and 
corn for 300 dollars ; he sold the whole so as to gain 
20 dollai^s. How much did he sell it for ? 

10. A merchant owns property worth 264956 dollars, 
and owes 89635 dollars ; what is the net value of his 
property ? 

11. A farmer sold eight cords of wood for 144 dollars ; 
he received in payment cloth valued at 60 dollars, and 
48 dollars cash ; how much was still owing him ? 

12. Bought 21693 yards of calico of one merchant, 
560 yards of another, and 83946 yards of a third ; sold 
340 yards to one customer, and 69548 yai'ds to another ; 
how much is still on hand ? 

13. Sold to one man 3246 acres of land at 6 dollars per 
acre, to another 4328 acres at 8 dollars per acre, to a 
third 9546 acres at 5 dollars per acre, and to a fourth 
3261 acres at 9 dollars per acre. What was the amount 
of sales ? 
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MULTIPLIOATION AND DIVISION TaBLB. 



1 

3 
3 
4 

5 
6 

8 

9 

10 

11 

13 


3345678[9 10 11 13 


4 6 8 10 12 14 16 18 20 22 24 


6 9 12 1^ 18 21 24 27 30 33 36 


8 12 16 20 24 28 32 36 40 44 48 


10 15 20 25 30 35 40 45 50 55 60 


12 18 24 30 36 42 48 54 60 66 72 


14 21 28 35 42 49 56 63 70 77 84 


16 24 32 40 48 56 64 72 80 88 96 


18 27 36 45 54 63 72 81 90 99 108 


20 30 40 50 60 70 80 90 100 110 120 


22 33 44 55 66 77 88 99 110 121 132 


24 36 48 60 72 84 96 108 120 132 I 144 



As a Multiplication Table, begin with the first line ; 
thus, 

Once 1 is 1; once 2 are 2; once 3 are 3, etc. 
Second line, Once 2 are 2 ; twice 2 are 4; 3 times 2 
are 6 ; 4 times 2 are 8, etc. Third line. Once 3 are 3 ; 
twice 3 are 6 ; 3 times 3 are 9 ; 4 times 3 are 12, etc. 
Eecite each line similarly. 

Rem. 4 times 3 are 12, and 3 times 4 are 12 ; hence, alternating 
the factors does not change the product. 
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As a Division Table, begin with the first line ; thus, 
1 is contained in 1, once; in 2, twice; in 3, 3 times; 
in 4, 4 times, etc. Second line, 2 into 2 = 1 ; 2 into 
4 = 2; 2 into 6 = 3; 2 into 8 = 4, etc Third line, 
3 into 3 = 1; 3 into 6 = 2, etc 

Rbm. — ^As a Multiplication Table, it may also be iread by the 
column, by which the factors are alternate, without changing the 
product. Any number is multiplied by 10 by adding a zero to it. 
As a Division Table, the first column has all the divisors, the first 
line all the quotients, and every number in each line is a dividend, 
which is always in the same line and the same column with the 
quotient and divisor. Any number having a zero in the units 
place is divided by 10 by removing the zero. 

THEOREM I. 

Any numiber is multiplied by 10 by annexing a 
zero to it. 

Since the product of any number multiplied by 1 is 
equal to the number itself, the product of any number 
multiplied by 2 is double the number, etc 

For, as 

10 X 1 = 10, and 10 x 2 = 20, and 10 x 24 = 240, 

and as alternating the factors does not change the product, 
hence, 
1 X 10 = 10, and 2 x 10 = 20, and 24 x 10 = 240. 

/. Any number is multiplied by 10 by annexing a 
zero to it 

Cob. — ^Any number is multiplied by 100 by annexing 
two zeros to it, and annexing three zeros multiplies it by 
1000, etc. 
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THEOREM II. 

The product of any two factors tuill have as many 
figures, or one less, than both factors. 



1 


3 


3 


4 


9 


50 


500 


500 


1 


3 


4 


4 


9 


5 


6 


50 


1 


9 


12 


16 


81 


250 


2500 


25000 



The products of the smaller figures of units will be but 
one figure until above 3, when there will be two figures, 
but never more, as 9 x 9 = 81, and every additional 
figure annexed to each or either factor, whether small or 
large, will make an increase of one figure and no more; 
tlierefore the product of any two factors will have as 
many figures, or one less than both factors. 

CoR. 1. — The product of any two figures cannot be less 
than one figure, nor more than two. 

Cor. 2. — The product of units by units must be units, 
and when there are two figures, the left-hand figure will 
be tens. The product of tens by units must be tens, and 
when there are two figures, the left-hand figure will be 
hundreds ; and if any order be multiplied by units, the 
right-hand figure of the product will be the same order 
as the multiplicand, and if there be two figures in the 
product, the left-hand figure will belong to the next 
higher order. 

Cor. 3. — When the multiplier is tens, the product will 
be ten times as great as if the multiplier were units ; 
that is, each product will have one zero to the right of it, 
holding the units place, or the first figure of the product 
must be placed in the column of tens ; when the multi* 
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plier is hundreds, the right-hand figure must be placed 
in the column of hundreds; and, in general, whatever 
the order of the multiplier is, the right-hand figure must 
be in the column of that order. 

Cor. 4. — ^If there be one or more zeros in the multi- 
plier, the product of the next figure will be put back one 
figure for every zero. 

Rem. — In the multiplication^ each figure may be regarded as the 
unit of its order. 

PROBLEMS. 
1. 10 X 10 = 100. 

2. 11 X 11 = 121 = 11 X (10 + 1) = 11 X 1 = 11 

11 X 10 = 110 

121 

3. 12 X 12 = 144 = 12 X (10 + 2) = 12 X 2 = 24 

12 X 10 = 120 

144 

4. Multiply 432 by 4 = (400 + 30 + 2) x 4 

2x4= 8 and 432 

30 X 4 = 120 4 

400 X 4 = 1600 1728 
1728 

6. Multiply 432 by 14 = 432 x (10 + 4). 
.-. 432 X 4 = 1728 or 432 
432 X 10 = 4320 14 

6048 1728 

432 

6048 
Hem. — ^The problems should be carefully impressed on the 
mind before proceeding. 
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432 


432 X 4 = 1728 


124 


432 X 20 = 8640 


1728 


432 X 100 = 43200 


864 


53568 


432 





53568 

Cob. 1. — When the multiplicand has several figures 
and the multiplier one that Is only units, the first product 
of units hy units will be units, or units and tens ; the 
units must be placed in the right-hand or units place ; if 
there be tens, it must be reserved and placed in or added 
to the column of tens ; in the next product of tens by 
units, the right-hand figure will be tens, and must be 
united with the tens reserved, and placed in the column 
of tens ; the left-hand figure, if there be one, must be 
treated as the previous one, reserved until the next 
product is obtained, and united with the right-hand 
figure; the process is the same in every successive 
order. 

Cor. 2. — When the multiplier also has several figures, 
the process of each successive multiplier is the same, 
except that the right-hand figure of each product must 
be placed in the order of its multiplier. (Cor. 3, 
Prob. 2, page 22.) 

Eem. — A multiplicand may be eitlier an abstract or a concrete 
number, but a multiplier cannot be concrete, as it cannot refer to 
things, but merely indicates how many times the multiplicand is 
to be taken ; but the product will be of the same name as the mul- 
tiplicand; for twice $5 are $10; 3 times 20 yards of cloth are 
60 yards of cloth ; twice 4 are 8 ; 3 times 4 are 12, etc. 

In computation, it is best to regard all numbers as abstract. 
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(7.) 


(8.) 


(9.) 


SG425 


26432 


26432 


324 


104 


3004 


t45700 


105728 


105728 


72850 


26432 


79296 


109275 


2748928 


79401728 


11801700 


(11.) 


(12.) 


(10.) 


234 


123 


26432 


123 


234 


50004 


702 


492 


105728 


468 


369 


132160 


234 


246 



1321705728 28782 28782 

Rem. — The product is not changed by alternating the multipli- 
cand and multiplier. 

EXAMPLES. 



1. Multiply 54326 by 346. 

2. Multiply 23748 by 543. 

3. Multiply 46874 by 697. 

4. Multiply 36975 by 476. 
6. Multiply 236874 by 2134. 



6. Multiply 9876325 by 356. 

7. Multiply 879654 by 2175. 

8. Multiply 986432 by 8704. 

9. Multiply 326875 by 3005. 
10. Multiply 468753 by 2100. 



Examples may be added^ or the same repeated, as the 
student will more readily comprehend by repetition than 
by different examples. 

Rem. 1.— rln multiplication, two factors are given to find their 
product. 

Rem. 2. — In division, two numbers also are given to find the 
third ; the one called the dividend corresponds to the product in 
multiplication, the other given number is called the divisor, and 
the required number is called the quotient ; the two latter corre- 
spond to the factors in multiplication. 
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PROBLEMS. 

When the product of two numbers is 4, and one of the 
numbers is 2, the other number is also 2 ; for 2x2=4 
and 4 divided by 2, or 4 divided into 2 equal parts, each 
part is 2, that is, the quotient is 2. 

1. 9 -=- 3 = 3. 4. 16 -5- 4 = 4. 

2. 12 -r- 2 = 6. 6. 15 -^ 3 = 5. 

3. 12 H- 3 = 4. 6. 15 -^ 5 = 3. 

Cob. 1. — ^The product of the divisor and quotient 
equals the dividend. 

CoR. 2. — The divisor and quotient may be alter- 
nated. 

24 Cob. 3. — Division is the reverse of multi- 

6 plication and addition, and is similar to sub- 

13 traction ; for, it is separating a number into 
g equal parts, which is the same as subtracting 

17 the same number from a larger one ; that is, 
g subtracting the divisor from the dividend and 

— then from the remainder, repeating this pro- 
cess until there is no remainder, or until the 
-. remainder is less than the divisor. 6 is sub- 
^ tracted 4 times, hence it is contained four 
times. 24 -7- 6 = 4. 
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(1.) 

10 ) 100 ( 10 


(2.) 
11 ) 121 


(11 


(3.) 
12)144(12 


10 


11 




12 





11 




24 


(4.) 
11 ) 121 ( 10 + 1 
110 


11 




24 

(5.) 
12 ) 144 ( 10 + 2 
120 


11 






24 


11 






24 


6. 48 H- 12 = 4. 




12. 


120 : 10 = 12. 


7. 64 -J- 8 = 8. 




13. 


130 : 10 — 13. 


8. 96 -J- 12 = 8. 




14 


140 -^ 10 = 14 


9. 12 X 4 = 48. 




15. 


10 X 12 = 120. 


10. 8x8 = 64. 




16. 


10 X 13 = 130. 


11. 12 X 8 = 96. 




17. 


10 X 14 — 140. 



27 



Cor. 1. — Adding a zero to the right of a number mul- 
tiplies the number by 10 ; taking a zero away from the 
right of a number divides the number by 10. 

Divide 60536 by 4 ; thus, 



4 ) 60536 ( 10000 
40000 



20536 ( 
20000 

' 636 ( 
400 

136 ( 
120 



6000 



100 



30 



16 ( 4 

16 15134 



or 4 ) 60536 
15134 

The divisor 4 is contained once 
in the unit of the highest order of 
the dividend, which is one ten- 
thousand; into the remainder 
5000 times, then 100, 30 and 
lastly 4. 
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Rem. 1. — The same result is obtained by short division, by 
patting the first figure of the quotient under the left-hand figure 
of the dividend (when it is contained in it), as it is of the same 
order. 

Rem. 2. — If the unit of the divisor is not contained in the first 
unit of the dividend, then the first figure of the quotient will be 
of the same order as the second figure of the dividend and should 
be placed under it. 

Divide 60536 by U ; thus, 

U ) 60536 ( 4324 and 214 ) 925336 ( 4324 
56 856 

45 693 

42 642 



33 513 

28 428 



56 856 

56 856 

4324 X 14 = 60536. 4324 x 214 = 925336. 

Cor. 1.— Since the product of any two factors will 
have as many figures or one less than both factors, so in 
division the number of figures of the divisor and quotient 
will either be equal to or one greater than that of the 
dividend. 

Cor. 2. — When the divisor is contained in the same 
number of figures of the dividend as is in the divisor, then 
the number of figures of the divisor and quotient will be 
one more than that of the dividend ; but when it requires 
an additional figure of the dividend to contain the 
divisor, then the number of figures of the divisor and 
quotient will be equal to that of the dividend. 
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PROBLEMS. 

1. Divide 9263360 by 2140; thus, (2.) 

21410 ) 9^5336|0 ( 4324 26432 

856 104 

105728 
26432 

26432 ) 2748928 ( 104 
26432 

105728 
105728 

8. Divide 987654321 by 12300. 

123|00 ) 9876543|21 ( 80297 80297 
984 12300 

365 240891 

246 160594 

1194 80297 



693 


4324 


642 


2140 


513 


17296 


428 


4324 


856 


8648 


856 


9253360 



1107 987653100 

873 1221 

861 987654321 
1221, remainder. 

Rem. 1. — When the dividend is not the exact prodnct of two 
integral numbers, there will be a remainder, and the dividend is 
equal to the product of the quotient and divisor plus the 
remainder. 

Eem. 2. — When there are the same number of zeros in divi- 
dend and divisor, beginning with the order of units they may be 
canceled ; and when there are zeros in the divisor only, they may 
be omitted, and also the same number of figures in the dividend, 
which after the division is performed must be brought down as a 
part or the whole of the remainder. 
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EXAMPLES. 

1. Divide 235643 by 123. 

2. Divide 345678 by 234. 

3. Divide 234567 by 891. 

4. Divide 1357916 by 248. 
6. Divide 369875432 by 1768. 

6. Divide 487698425 by 625. 

7. Divide 987654321 by 1234. 

8. Divide 876543219 by 2345. 

9. Divide 678956732 by 1546. 

10. Divide 34567890 by 2564. 

11. Divide 786954321 by 176543. 

12. Divide 678900432 by 1004000. 

The student must not proceed until he is familiar 
with division. 

EXAMPLES. 

1. What cost 5 lbs. of sugar at 10 cts. per lb. ? 

2. At 10 cts. per lb., how many lbs. can be bought 
for 50 cts. ? 

3. What cost 10 lbs. of sugar at 10 cts. per lb. ? 

4. At 10 cts. per lb., how many lbs. can be bought 
for 100 cts. ? 

5. What cost 15 lbs. of sugar at 10 cts. per lb. ? 

6. At 10 cts. per lb., how many lbs. can be bought 
for 150 cts. ? 

7. What cost 20 lbs. of sugar at 10 cts. per lb. ? 

8. At 10 cts. per lb., how many lbs. can be bought 
for 200 cts. ? 

9. What cost 25 lbs. of sugar at 10 cts. per lb. ? 

10. At 10 ots. per lb., how many lbs. can be bought 
for 250 cts. ? 
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11. What IS the cost of 4 barrels of molasses at 18 dol- 
lars a barrel ? 

12. What is the cost of 9 barrels of sngar at 15 dollars 
a barrel ? 

13. What is the cost of 25 pounds of beef at 9 cents 
a pound ? 

14. What is the cost of 33 pounds of butter at 21 cents 
a pound ? 

15. What is the cost of 147 pounds of cheese at 16 
cents a pound ? 

16. What is the cost of 123 barrels of cider at 4 dollars 
a barrel ? 

17. What is the cost of 436 barrels of flour at 8 dollars 
a barrel ? 

18. What is the cost of 432 tons of coal at 6 dollars 
a ton? 

19. In an orchard there are 9 rows of trees and 43 
trees in each row; how many trees are there in the 
orchard ? 

20. Bought 6 pieces of cloth, each containing 42 yards, 
at 6 dollars a yard ; how many yards were there, and 
what did the whole cost ? 

21. Bought 9 pieces of cloth, each containing 43 yards, 
at 5 dollars a yard, and 25 barrels of flour at 6 dollars a 
barrel ; what did the whole cost ? 

22. If 4 barrels of flour cost 32 dollars, what is that 
per barrel ? 

23. A man paid 320 dollars for two horses ; what was 
the price of each ? 

24. A man owning 480 acres of land, wishes to divide 
it equally among his 4 sons: how many acres will 
each get ? 



32 DIVISION. 

25. A farm of 120 acres is laid oflf into six fields ol 
equal size ; how many acres in each ? 

26. A man is 45 years old, and he is three times as 
old as his son. How old is the son ? 

27. A farmer sold 325 bushels of wheat for 650 dollars. 
What was the rate per busliel ? 

28. In an orchard there are 625 trees, and there are 
25 trees in a row. How many rows are there ? 

29. In a garden there are 100 heads of cabbage in ten 
rows, and an equal number in each row. How many 
heads in each row ? 

30. A farmer sowed five bushels of clover-seed on 
forty acres of land. How many acres to a bushel 
of seed? 

31. A man dying, bequeathed his estate of 580,640 
dollars, as follows : 60,000 dollars to each of two daughters, 
125,000 dollars to a son, 22,000 dollars to each of his four 
sisters, and the remainder to his grandson. What was 
the grandson's share ? 

32. Four persons enter into partnership; the first 
invests 8564 dollars, the second 500 dollars more than 
the first,, the third as much as the first and second, and 
the fourth 645 dollars less than the third. What was 
the whole amount invested ? 

33. Bought silk for 1600 dollars, lace for 960 dollars, 
shoes for 356 dollars, a shawl for 30 dollars, and some 
ribbon for 5 dollars. Paid at one time 500 dollars, at 
another 685 dollars, and at a third 800 dollars. How 
much is still owing ? 

34. A man bought a carriage and two horses for 963 
dollars; the horses were valued at 450 dollars. What 
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was the value of the carriage, and how much more was 
the carriage than the horses ? 

35. Bought molasses for 2634 dollars, sugar for 965 
dollars, and coffee for 1589 dollars ; sold the molasses at 
a gain of 500 dollars, the sugar at cost, and lost 100 dol- 
lars on the coffee. Did I gain or lose, and how much ? 

36. Washington was bom in 1732 and died in 1799 ; 
how old was he when he died ? 

37. The pyramids of Egypt were built 337 years before 
the founding of Carthage; Carthage was founded 49 
years before the destruction of Troy ; Troy was destroyed 
431 years before Kome was founded ; Carthage was de- 
stroyed 607 years after the founding of Rome and 146 
years before the Christian era. How many years before 
Christ were the pyramids built ? 

38. What is the cost of 5 pounds of sugar, at 12 cents 
a pound ? 

39. What is the cost of 15 pounds of sugar, at 11 cents 
a pound ? 

40. What is the cost of 335 pounds of sugar, at 9 cents 
a pound ? 

41. What is the cost of 23 tons of hay, at 14 dollars a 
ton? 

42. What is the cost of 435 acres of land, at 43 dollars 
per acre ? 

43. What is the cost of 753 bushels of oats, at 35 cents 
per bushel ? 

44. If 5 lbs. of sugar cost 60 cents, what is it per lb. ? 

45. If 15 lbs. of sugar cost 165 cents, what is it per lb. ? 

46. If sugar at 9 cents per lb. cost 3015 cents, how 
many pounds were there ? 



34 DIVISION. 

47. How many tons of hay can be bought for 322 dol- 
lars, at 14 dollars per ton ? 

48. How many acres of land will 18705 dollars buy, at 
43 dollars per acre ? 

49. If 753 bushels of oats cost 26355 cents, what is the 
price of a bushel ? 

50. If 5 lbs. of sugar cost 60 cts., what will 12 lbs. 
cost? 

51. If 15 lbs. of sugar cost 165 cts., what will 80 lbs, 
cost? 

52. If 335 lbs. of sugar cost 3015 cts., what will 36 lbs. 
cost? 

53. If 23 tons of hay cost 322 dollars, what will 69 tons 
cost? 

54. If 435 acres of land cost 18705 dollars, what will 
87 tons cost ? 

55. If 753 bushels of oats cost 26355 cents, what will 
251 tons cost ? 

56. If 100 acres of land cost 5625 dollars, what will 
1000 acres cost ? 

57. If 1000 acres cost 78560 dollars, what will 100 
acres cost ? 

Rem. 1. — If 1 pound of sugar cost 13 cents, 5 lbs. will cost 5 
times 12 cents = 60 cents, or 5 lbs. sugar at 1 cent a pound will 
cost 5 cts., and at 12 cts. per lb., 13 times 5 = 60 cts. ; if 5 lbs. of 
sugar cost 60 cts., and it be divided into five equal parts, 1 lb. will 
cost 12 cts., and 12 lbs. will cost 12 times 12 cts. = 144 cts. 

Rem. 2. — In the 53d example, 69 is 3 times 23, and will cost 
3 times 322 dollars ; in the 54tli, 435 is 5 times 87, and must be 
divided into 5 equal parts, that is, divided by 5 ; and in the 55th, 
753 is 3 times 251, and must be divided by 3. The 56th example 
is solved by adding one zero to the number of dollars, and the 57th 
by taking away a zero. 
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PROBLEMS. 

1. The sum of two numbers, and one of the numbers 
given, to find the other number. 

The difference between the given number and the sum 
will be the other number. 

2. The difFerence between two numbers and the smaller 
number given, to find the larger one. 

The sum of the difference and the smaller number is 
the larger one. 

3. The difference of two numbers and the larger one 
given, to find the smaller one. 

Subtract the difference from the larger number; the 
remainder will be the smaller one* 

4. The sum and difference of two numbers given, to 
find the numbers. 

Subtract the difference from the sum, and divide the 
remainder by 2 ; the quotient will be the smaller one, to 
which add the difference, and the sum will be the larger 
one. 

5. The product of two numbers and one of the num- 
bers given, to find the other. 

Divide the product by the given number; the quotient 
wiU be the other number. 

6. The product of three numbers, and two of the num- 
bers given, to find the third. 

Divide the product of the three by the product of the 
two. 
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The Froduct of two or more numbers is found by 
multiplication, and the factors of that product are 
restored by division. 

Any number that is the product of two or more num- 
bers is called a Composite dumber; as, 12 is the 
product of 4 and 3, and 4 is the product of 2 and 2 ; 
hence, the fectors of 12 are 2, 2, and 3 ; these factors 
cannot be reduced, they are therefore called Prime 
Factors} as any number is called Prime which is not 
formed by other factors than itself and unity. 

The Prime Factors are readily found; thus, take 
the first fifty numbers, 

1, 2, 3, 4y 5, «, 7, 0, 0, 10, 
11, Zt, 13, U, 1$, H, 17, 1$, 19, ^0, 

Uy n, 23, u, t$, Uy n, n, 29, ^0, 

31, it, tty Uy t$y >0, 37, Hy t^y 

41, 0y 43, Uy 0y 4$y 47, 4$y 4^y 



Every even number after 2 is composite, as it is divisi- 
ble by 2, " strike these ;*' every third number after 3 is 
divisible by 3, strike these ; every fifth number after 5 ; 
every seventh number after 7 ; the 9^8 are canceled by 3 ; 
every 11th after 11, etc. ; in the above there were none 
after the 7's ; when more numbers are taken higher 
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numbers will be required. The prime numbers in the 
first fifty are sixteen, viz., 

1, 2, 3, 5, 7, 11, 13, 17, 

19, 23, 29, 31, 37, 41, 43, 47. 

The following Corollaries enable us readily to discover 
the Prime Factors of numbers : 

1. Every even number is divisible by 2. 

2. Every number, whose last two figures express a 
number which is a multiple of 4, is divisible by 4 ; for if 
the number expressed by these two figures is subtracted 
from the whole number, the remainder will be a certain 
number of hundreds which are divisible by 4. 

3. Every number ending in 5 is divisible by 6. 

4 Every number ending with zero is divisible by 10, 
consequently by 2 and 5. 

6. Every number is divisible by 3, when the sum of its 
figures taken as units is divisible by 3 ; for if from 1000 
one be subtracted, the remainder is divisible by 9 ; if 
from 100 one be subtracted, the remainder is divisible* by 
9 ; so also if one is subtracted from 10 ; hence, if from 
2000 two be subtracted, the remainder is divisible by 9 ; 
so also 2 from 200, or 2 from 20 ; therefore, in dividing 
by nine, any number of thousands, hundreds or tens, the 
remainder will always be the unit of the thousands, hun- 
dreds, and tens ; consequently if the sum of all these 
remainders as units, and also of the units of the given 
number, equals 9 or any number of 9's, then the whole 
number is divisible by 9, and 9 is divisible by 3. 
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Eesolve the following members into their Prime 
Factors : 

1. 30 = 2, 3, 6, 9. 40 = 2, 2, 2, 5. 

2. 32 = 2, 2, 2, 2, 2. 10. 42 = 2, 3, 7. 

3. 33 = 3, 11. 11. 44 = 2, 2, 11. 

4. 34 = 2, 17. 12. 45 = 3, 3, 5. 

5. 35 = 5, 7. 13. 46 = 2, 23. 

6. 36 = 2, 2, 3, 3. 14. 48 = 2, 2, 2, 2, 3. 

7. 38 = 2, 19. 15. 49 = 7, 7. 



8. 


39 = 


3,13. 




16. 1 


50 = 


2, 5, 5. 


17. 


51. 


26. 


63. 


35. 


77. 


■ 44. 88. 


18. 


52. 


27. 


64 


36. 


78. 


45. 90. 


19. 


54. 


28. 


65. 


37. 


80. 


46. 91. 


20. 


55. 


29. 


68. 


38. 


81. 


47. 92. 


21. 


56. 


30. 


70. . 


39. 


82. 


48. 94. 


22. 


57. 


31. 


72. 


40. 


84. 


49. 105. 


23. 


68, 


32. 


74. 


41. 


85. 


50. 210. 


24. 


60. 


33. 


75. 


42. 


86. 


51. 336. 


25. 


62. 


34. 


76. 


43. 


87. 


62. 540. 



CoE. — When a number is resolved into its prime fac- 
tors, the original number is divisible by all these prime 
factors, and by all the quotients arising from these 
factors as divisors of the original number ; and when a 
factor occurs more than once, by the products of the 
like factors. 

Def. — One number is called a Multiple of another 
number, when it is exactly divisible by that other 
number. 



FACTORING. 39 

Find all the numbers of which the following numbers 
are multiples : 





PACTOES. 


DIVISORS. 


45. 


3, 3, 5. 


3, 6, 9, 15. 


60. 


Zf iCf Of 5. 


2, 3, 5, 4, 6, 10, 12, 15, 20, 30. 


70. 


2, 5, 7. 


2, 5, 7, 10, 14, 35. 


72. 


^f Zy Zy Oy (5. 


2, 3, 6, 8, 9, 12, 18, 36. 


75. 


Oy Uy 0* 


3, 5, 15, 25. 


80. 


2, 2, 2, 2, 5. 


2, 5, 4, 8, 10, 16, 20, 40. 


100. 


2, 2, 5, 5. 


2, 4, 5, 10, 20, 25, 60. 



PROBLEMS. 

1. Find the least common multiple of 9 and 15. 

9 15 It is evident that any number which 

3, 3. 3, 5. contains all the prime factors of each 

3x3x5 = 45. number is a common multiple of the 

given numbers; and the least com- 
mon multiple must contain these factors and no others ; 
and if the same factor occur several times in any number, 
it must occur just as often in the multiple. 

2. Find the least common multiple of 6 and 12. 

6 12 As twelve is a multiple of 6, it con- 

tains all the prime factors of 6 ; hence, 
when any given number is a multiple of another given 
number, the later may be canceled. 

Eem. — Since any factor that is common to two or more given num- 
bers is only taken once, the solution may be shortened, as in Ex. 3. 
Since 2 is conmion to several given numbers, the factor may be 
taken from all and placed as a divisor ; 2 is again common, so also 
3 and 5 ; these being set aside, there remain besides only 2 ; conse- 
quently, 2x2x3x5x2 = 120, is the least common multiple. 
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2 





8 


10 


12 


15 


2 




4 


5 


6 


15 


3 




a 


5 


3 


15 


5 




a 


5 


1 


5 






2 


1 


1 


1 



3. Find the least com- 
mon multiple of 6, 8, 10, 
12, 15. 

As 12 is a multiple of 
6, the 6 may be can- 
celed. 



EXAMPLES. 

1. Find the least common multiple of 6 and 15. 

Ans, 30. 

2. Find the least common multiple of 6, 15, and 42. 

Ans. 210. 

3. Find the least common multiple of 10, 12 and 14. 

Ans. 420. 

4. Find the least common multiple of 4, 6, and 8. 

Ans. 24* 

5. Find the least common multiple of 6, 8, and 10. 

Ans. 120. 

6. Find the least common multiple of 12, 18, 27, 
and 36. Ans. 108. 

7. Find the least common multiple of 10, 15, 25, 
and 40. Ans. 600. 

8. Find the least common multiple of 14, 18, 21, 
and 28. Ans. 252. 

9. Find the least common multiple of 15, 25, 36, 
and 48. Ans. 3600. 

10. Find the least common multiple of 25, 45, 70, 
and 90. A71S. 3150. 

11. Find the least common multiple of 4, 8, 16, 32, 
and 64. Ans. 64. 

12. Find the least common multiple of 3, 7, 11, 
and 13. Ans. 3003. 
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GEEATEST COMMON DIVISOR 

The Greatest Common Divisor of two or more 
numbers, is the highest number that will exactly divide 
the numbers. 

Cor. — The greatest common divisor of two or more 
numbers must be the factor or the product of all the 
factors which are common to the given numbers. 

PROBLEMS. 

Find the greatest common divisor of the following 
numbers : 

1. Of 6 and 14. 

The only factor common is 2 = G. C. D. 

2. Of 12 and 18. 

12 = 2, 2, 3, and 18 = 2, 3, 3. 

One 2 and one 3 are common : therefore, 

2 X 3 = 6 = G. C. D. 

3. Of 42 and 70. 

42 = 2, 3, 7, and 70 = 2,5,7; 
2 X 7 = 14 = G. C. D. 

4. Of 84, 126, and 210. 
By this method the common 
factors are readily found. 

2x3x7 = 42, 



2 


84 


126 


210 


3 


42 


63 


105 


1 


14 


21 


35 




2 


3 


5 
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The process of the last example is the shortest for 
finding the greatest common divisor of small numbers ; 
but when the numbers are large and the common factors 
not so readily found, the following method is generally 
adopted. 

5. Find the G. C. D. of 84 and 147. 

84 ) 147 ( 1 Divide the smaller number 

84 into the larger, and the re- 

63 ) 84 ( 1 mainder into the last divisor; 

g3 and again the remainder into 

21 ) 63 ( 3 *^® ^^^^ divisor, until there is 

^o no remainder; the last divi- 

— sor is the G. C. D. of the two 

numbers. 

Analysis. — As each number is a multiple of the 

G. C. D., so the difference of the numbers is also a multiple 

of the G. 0. D. ; hence in every case the dividend and 

divisor are multiples of the G. C. D., and whenever the 

divisor is contained in the dividend, that divisor is the 

G. C. D. 

6. Find the G. C. D. of 323 and 425. G. C. D = 17. 

7. Find the G. 0. D. of 2310 and 4626. G. C. D. = 6. 

CANCELLATION. 

THEOREM. 

The dividend contains all and exactly the same 
factors as the divisor and quotient. 

Any composite number is the product of all its prime 
factors, and may be resolved into them. The product 
of any two integral numbers is a composite number and 
must contain all the factors of both numbers ; and as a 
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dividend is the product of its divisor and quotient^ it 
must contain the same factors as its divisor and 
quotient. 

Cor. 1. — The same is true if one or both divisor and 
quotient be fractional ; for when reduced to a common 
denominator^ their numerators may be regarded as 
integral. 

CoE. 2. — ^Every factor of the divisor will cancel the 
same factor in the dividend. 

Cob. 3. — The factors which are not canceled by those 
of the divisor will b€> the factors of the quotient 

CoR. 4. — Canceling a factor in the dividend divides 
the quotient by the same factor. 

Cor. 5. — Canceling a factor in the divisor multiplies 
the quotient by the same factor. 

PROBLEMS. 

1. Divide 648 by 36. 

648 t, t, 2, 3, 3, », t. _ 

-36- = t. t. h 9. - ^^' ^^• 

2. Divide 625 by 125. 

625 _ 0, «^, M: _ 5 . „ _ 



3. Divide 500 by 100. 

100 = 5, Ans. 

4. A man bought 30 yards of cloth at $5 a yard ; he 
then exchanged it for other cloth at 63 a yard. How 
many yards of the latter did he get ? 
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PRACTICAL EXAMPLES. 

1. A man bought 30 cows at 25 dollars each; he then 
exchanged the cows for horses at 50 dollars each ; how 
many horses did he get ? An8, 15 horses. 

2. A farmer sold 1500 bushels of wheat at 125 cents 
per bushel, and received in return barley at 75 cents per 
bushel. How many bushels of barley did he get ? 

Arts, 2500 bu. barlev. 

3. How many acres of land, at 25 dollars per acre, can 
be obtained for 5 houses and lots at 750 dollars each ? 

Arts. 150 acres. 

4. How many yards of flannel, three-quarters of a yard 
wide, will line a coat made of 3 yards of cloth six-quar- 
ters wide ? Ans, 6 yards. 

5. Sold 320 acres of land at 60 dollars per acre, and 
invested the proceeds in other land at 40 dollars per acre ; 
how many acres did I get ? Ans. 480 acres. 

6. Exchanged 432 pieces of cloth at 18 dollars each, 
for linen at 6 dollars a piece. How many pieces of linen 
did I get ? Ans. 1296 pieces. 

7. Sold a farm of 477 acres at 48 dollars per acre, and 
invested the returns of sale in another farm at $36 per 
acre. How many acres did I buy ? Ans, 636 acres. 

8. Sold 15 horses at 732 dollars each, and bought 
sheep for the proceeds at 4 dollars each. How many 
sheep did I buy ? Arts, 2745. 

9. Multiply the following numbers: 12, 15, 27, 28, 32, 
and divide the product by 2, 3, 4, 5, 6, 7, 8, and 9. 

Ans, 12. 
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Def. 1. — ^If any thing or any number is divided into 
equal parts, one or more of these parts is a Fraction of 
the whole; and all the parts constitute the whole. 

2. If any thing or any number is divided into two 
equal parts, each part is called One-half of the thing 
or number, and is written ^ ; if each half is divided into 
two equal parts, the whole number of parts will be four, 
and the one-half has made two of those parts ; hence 
4 = 1; thus, ixi == f > if each half were divided into 
three equal parts, the whole would contain 6 of those 
parts, and J = |, or ^ = f . 

Rem. — The upper term of the fraction is called the numerator, 
and the lower term the denominator. 

3. If any thing or any number is divided into three 
equal parts, one of the parts is called One-third^ and 
is written -J; and two of the parts are called two-thirds 
(f ) ; if each of these parts is divided into two equal 
parts, the whole will be divided into six equal parts, and 
^ = I ; I = 1^ ; that is, if the numerator and denomi- 
nator of a fraction are both multiplied or divided by the 
same number, the value of the fraction is not changed. 

Eem. — Each fraction that has had both terms multiplied, may- 
be restored to the original by division. 

4. If 20 is divided into two equal parts, each part is 
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10, and 10 is one-half of 20 ; 10 x 2 = 20 ; and it may 
be expressed \^ ; and if numerator and denominator is 
divided by 10, thus, ^X\ g = i, and V = 10 ; ^ = 10, 
and il = i; W = 8, and ^ = ^. 

COROLLARIES. 

1. A fraction is exemplified by division ; the dividend 
is the numerator, the divisor is the denominator, and the 
quotient is the fraction thus formed. 

2. The denominator indicates the number of parts into 
which a number is divided, and the numerator indicates 
the number divided. 

3. As only like numbers can be directly added or sub- 
tracted, so only fractions of the same denominator can 
be directly added or subtracted. 

4. As multiplying or dividing both terms of a fraction 
by the same number does not change its value, conse-. 
quently fractions having different denominators are 
readily reduced to a common denominator. 

Thus, i and f are readily reduced to sixths. As 6 is 
the least common multiple of 2 and 3, it is also the 
least common denominator of the fractions ^ and |; 
i X I = f, and i J 1 = f ; then | + f = i; and 

.DEFINITIONS. 

1. When a unit is divided into equal parts, any number 
of those parts less than the whole expressed fractionally, 
is called a Proper Fraction ; as, i, |, J, VV, etc. , iu 
each of which the numerator is less than the denomb 
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nator, and the fraction less than one ; the result is the 
same in division where the dividend is less than the 
divisor; as, ^, |f, etc.; but when the divisor is less than 
the dividend, as, f, ^, ^, etc., it is then called an 
Improper Fraction^ and the fraction is greater 
than one. 

2. When the division of an improper fraction is per- 
formed, and the divisor is not exactly contained in the 
dividend, the quotient becomes a mixed number; thus, 
I rz: 1|^ ; jyi. = 8f , and ^ = lO^ ; that is, partly integral 
and partly fractional 

EXEMPLIFICATION. 

In the above 5 -4- 4 = f ; 5 is the dividend, 4 the 
divisor, and f the quotient, and the product of the divisor 
and quotient must be equal to the dividend ; thus, ^ x 
f = 5, the dividend. And x V" = ^0> and tx^=^^b. 

Cob. — A Fraction may be regarded as an unexecuted 
division. 

Rem:. — Fractions are siinilar to concrete numbers, and the opera- 
tions performed on them are also similar. The numerator of a 
fraction of any denominator may be multiplied or divided by any 
abstract number, and the product or quotient wiU have the same 
denominator as the original fraction. 

f X 3 = V, and 6 dollars x 3 = 18 dollars, 
and 4 -J- 3 = f , and 6 dollars -^ 3 = 2 dollars. 

A fraction may be multiplied by itself, whereas a concrete num- 
ber cannot be ; but a concrete number may be divided by a like 
number, giving an abstract quotient ; so, also, the numerators of 
fractions having a common denominator may be divided, giving 
abstract numbers for the quotient. 

6 dollars ~- 2 dollars = 3, and \-^\ = Z. 
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ADDITION AND SUBTRACTION OP FEACTIONS. 

In the addition and subtraction of abstract numbers, 
as we can only unite like orders ; that is, units and units, 
tens and tens, hundreds and hundreds, etc. ; and as one- 
half and one-half make two halves, one-fourth and two- 
fourths make three-fourths, f and | = |, f — :J = f, 
f — ^ = ^, etc. ; so fractions must have a common de- 
nominator in order to be united by addition and sub- 
traction. 

In order to reduce fractions to a common denominator, 
find the least common multiple of the denominators, 
which is a common denominator, and then multiply each 
numerator by the quotient arising from this common 
denominator divided by its own denominator; then each 
numerator and denominator will be multiplied by the 
same number, 

PROBLEM. 

Reduce ^ and \ to the least common denominator; 
then add and subtract. 

6 is the L. 0. D. 

1x3 3 

6 -^ 2 = 3, the multiplier of J. ^ q = a* 

1x2 2 
6 -T- 3 = 2, the multiplier of ^. g o ~ 6* 

1 + 1 = 1, and f-f = f 

Rem. — The denominator indicates the number of parts into 
which a number has been divided ; the numerator is the number 
itself. 
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EXAMPLES. 

1. Add and subtract f and |. 4 is L. 0. D, 

2x2=4* •*• i + f = i a^d f-f = J. 

2. Add and subtract f and ^. 6 is L. G. D. 

Ans. Sum, f ; difference^ \* 

3. Add and subtract f and |. 20 is L. G. D. 

Ans. Sum, fj; difference,^. 

4. Add and subtract f and f . 30 is L. G. D« 

-4w5. Sum, 11^; difference, -jftj-, 

5. Add and subtract f and f. 42 is L. G. D. 

Ans. Sum, j^; difference,^. 

CoE. — ^When the denominators have no common fac- 
tor, then their product is the L. 0. D., and each numer- 
ator is multiplied by all the denominators except its own 

6. Add I and |. L. G. D., 12. 

2x4_^ 3x3_^ 

3 X 4 ""^ 12' 4 X 3 "^ 12' 

8 + 9 = 17. Sum = tt = lA- 

7. Addf, }, andf Sum = W = m- 

As no two numbers have a common factor, the L. 0. D. 
is the product of all the denominators ; and then as each 
denominator is multiplied by the other two denomina- 
tors, so each numerator must be multiplied by the product 
of all the denominators except its own. 

8. Add f , f , and ■^. 

4 )5 8 12 

5 2 3 4x6x2x3 = 120. 

i|i^ = 24. ifA = 15. jyyi = 10. 

:. 5, 8, and 12 are the multipliers of the fractions. 



• . 
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ADDITION OF FRACTIONS. 

EXAMPLES. 

1. Add i and {, 

t = }, andf + J = } = Sum, 

2. Add ^ and \, 10 is the least common denominatoi: 
Ixi = A a^d |Jf = ^; and Vt + ^ = ^ = Sum. 

3. Add iy ^and ^. 12 = least common denominator. 

i X * = A,*^i = Aandi-I = A, 
and 3^ + ^ + A = If = 1^ z=: Sum. 

4. Add i, J, i and f 

8 )345 9 

1 4 6 3 .-. 3 X 4 X 5 X 3 = 180, 
3 ) 180 4 ) 180 5 ) 180 9 ) 180 
60 45 36 20 

Rem. — ^The terms of the 1st fraction must be multiplied hj 60, 
the 2d by 45, the 3d by 36, and the 4th by 20. 

Cob. — ^Fractions are reduced to a common denomi- 
nator by multiplying both terms of the fraction by the 
quotient, obtained by dividing the common denominator 
by the denominator of each given fraction. 

5. Add ^, i and ^. 

6 X 9 X 11 = 495 

7 X 7 X 11 = 847 
9 X 7 X 9= 567 

7x9xll = -693 = «^^)f;//^ = Snm. 

3 693 ~ *" 
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Hem. — ^When the denominators are prime to each other, as no 
two have a common factor, the least common denominator is the 
product of all the denominators, and each numerator is multiplied 
by all the denominators except its own. 

6. Add ff , i J and if . 

mi* = IIMM- 

7. Add ^, iJ and ^^. Here 130 is the common 
denominator. 

H* = 1 tSV = 1 A. 

8. Add ^, A, H and H- If* = Sum. 

SUBTRACTION OP FRACTIONS. 

EXAMPLES. 

1. Subtract -f^ from \^. 

C. D. = 60 Diflference = |J. 

2. Subtract ^ from |-J-. 

C. D. = 176. Difference = ^. 

8. Subtract ^ from \^. 

C. D. = 84. Difference = ||. 

4. Subtract f} from ^. 

0. D. = 2793. Difference = JVW- 

5. Subtract J^ from ||. Difference = ^. 

Rem. — ^The above examples should be repeated, or similar ones 
given, nntil the class is familiar with addition and subtraction of 
fractions. 

6. Subtract |- from -f^. Difference = \i. 

7. Subtract ^^ from f|. Difference = -j^V 

8. Subtract 5| from 8f . Difference = 3|. 

9. Subtract 3| from 5J. Difference = 1^. 
Rem. — ^Reduce Ex. 8 and 9 to improper fractions. 
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MTLTIPLICATION OP FEACTIONS. 

THEOREM I. 

TJie product of any number multiplied by a 
proper fraction is less than the number itself, 

PROBLEMS. 

1. Multiply 5 by I = Jj/^ = 3i. 

2. Multiply i by i = f 

Axiom 7. — ^If any number be both multiplied and 
divided by the same number, the value of the original 
number is not changed. 

If any number is multiplied by 2 and divided by 3, it 
is diminished. 

.'. The product of any number multiplied by a proper 
fraction is less than the number itself. 

CoE. 1. — The product of two proper fractions is less 
than either fraction. 

Cor. 2. — In multiplying by a fraction, the nunaerator 
is a multiplier and the denominator a divisor. 

Cob. 3. The factors may be alternated. 

CoR. 4. — In the multiplication effractions, the product 
of all the numerators will be the numerator of the 
product ; and the product of all the denominators will 
be the denominator of the product 

Rem. — Cancellation can be applied to the multiplication of 
fractions, as in the division of integers. 
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EXAMPLES. 

1. Multiply I, I, }, i, I, f }, I, Vt, ii, H- 

By analysis, i of I = i, iof i = i, Jof i = i, ^of 

Rem. — ^The expression, ^ of | of f , etc., is redaoed to a simple 
fraction by the multiplication of their factors. 

2. Multiply -J, H> a^d I ; thus, 

i X ff X I = il, product. 

3 

3. Multiply -jfV and J. 

A X i = H^ product 

THEOREM IL 

The -product of two proper fractions is less than 
either fraction. 

For if a number is multiplied by 1, the product is the 
same as the number. If a number is multiplied by any 
number greater than one, the product is greater than the 
number. K a number is multiplied by any number less 
than one, the product is less than the number. 

4. Multiply 35i by 9. 

I X 9 = i^ = 6 J 
35 X 9 = 315_ 

321f = Product 
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EXAMPLES. 



1. Multiply i, f , f , i, I, t, I, t, Vt- Product = ^V- 

2. Multiply ^, \, f I, f Product = f 

3. Multiply I, ^, ^ and ||. Product = ^. 

4. Multiply ^, I, T»i, H and Jf. Product = «. 

5. Multiply Ax|x4x*-^xH* Product = |. 

6. Multiply 45t by 15. 

45i X 15 = 225 J^ X 15 = 910 

45 455 

'''^ f. = 682i. 

7. Multiply 74i by 12. 



9 3 

74i X 12 = -Hf or J^ X i;i = 897. 

8. Multiply 27| by 33f 

iji X H^ = jjyj^ = 921^ == 921j^. 

81 

i^ X ^ = -2^ = 921^ = Product 

9. Multiply 54i by 37f = ^ X H^ == -^W^- 

10. Multiply 67f by 51^. 

11. Multiply 91| by 56f . 

12. Multiply 53761 by 821f 

13. Multiply 6274^ by 237|. 

'Reh. — When one or both factors are mixed numbers, it is 
generally beat to reduce them to improper fractions. 
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DIVISION OF FEAOTIONS. 

PROBLEMS. 

1. What is i of I ? Ans. f 
For as i^ of 2 is 1^ 80 ^ of f is (. 

2. What is i of i? Am. \. 

If we were to say that |^ of ^ is |, it would not be a 

common fraction ; but if anything is first divided into 3 
equal parts, each part is i, and if each of these parts is 
divided into 2 equal parts, there will be 6 parts; each ^ 
will make f , and |^ of f is J. 

Cor. 1. — ^Dividing the numerator of a fraction divides 
the fraction; and multiplying the denominator also 
divides the fraction. 

Cor. 2. — If the numerator of a fraction is divided by 
any number, and again if the denominator of the same 
fraction is multiplied by the same number, the resulting 
fractions will be equaL 

CoR. 3. — In dividing by a fraction, the numerator 
becomes the divisor, and the denominator the multiplier. 

GENERAL COROLLARIES. 

1. The numerator of a fraction is a dividend, the 
denominator a divisor, and the fraction itself a quotient. 

2. Any two numbers of the same denomination are 
divided by making the dividend the numerator and the 
divisor the denominator of a fraction. 
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3. An integral number is reduced to a fraction by 
multiplying it by the denominator of the fraction. 

4. Two fractions are reduced to a common denomina- 
tor by multiplying both terms of each fraction by the 
denominator of the other fraction* 

THEOREM. 

To divide any number by a fraction, invert the 
divisor and miMiply by it. 

PROBLEMS. 

1. Diyide 24 by 6. 

24 _ t, 2, 2, » _ 9 9 _ . 

2. Divide 24 by f . 

M^2^_|M ^ 2,2,2 = 8= *lxt = 8. 

In the second division the divisor 6 is itself to be 
divided by 2 ; that is^ its factor 2 is to be canceled. 

Canceling a factor in the divisor multiplies the 
quotient by the same factor. 

3. Divide ^ ^7 f • 

4 

^ X t = 4, or Y = 12; 
and f = 3; and J^ = 4. 

In this case a factor is to be canceled in both dividend 
and divisor. 

Canceling a fiactor in the dividend divides the quotient 
by the same factor. 



FRACTIONS. 57 

An integral number, or a fraction, is divided by a 
fraction by inverting the divisor and then multiplying 
by it. 

EXAMPLES. 

1. Divide 43 by f 

43 X i = -H^ = 63i. 

2. Divide 86 by f 

^0x4 = 301. 

3. Divide 95 by |. 

4. Divide 115^ by f. 
6. Divide ^ hj ^. 

QUESTIONS. 

1. One is what part of 2 ? Ans. J. 

2. Two is what part of 3 ? Ans. f . 

3. Three is what part of 4 ? Ans. J. 

4 One-half is what part of f ? Ans. |- 

I 

6. One-third is what part of f ? Ans. £• 

6. Three-fourths is what part of ^ ? Ans. |- 

COMPLEX FEACTIONS. 

When one or both terms of a fraction are either frac- 
tions or mixed numbers, it is called a Complex* 
Fraction; thus, 

3i i 3 37i 1004- . ^ r IX 

5 * I' V 62I' loo ' '' ^® complex fractions. 
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Beil— When we consideT that the ntunemtor of a fraction 
lepresents a dividend, and the denominator a divisor, a complex 
fraction is readily redaced to a simple fraction. 

31 

1. Beduce -^ to a simple firaction. 

Bem. — ^As the denominator is a divisor, it must be inverted. 

JL 

2. Seduce | to a simple fraction. 

I = i X f = i. 

3 

3. Beduce « to a common fraction. 

I 

1= »^* = ¥ = Yf 

3. Bednce 7^777 to a common fraction.. 
37J_^_8 _ 

6. Multiplyj^x^ = ^x^ = ^x:4^x 

6. Di7ide|by| = |x| = 4x|xlx4 = f 

ixfxfxi = i. 

In changing the division to mnltipjication, the whole 
divisor must be inverted ; that is, f becomes the numer- 
ator and f becomes the denominator, with the sign of 
multipUcation ; then agam the two denominators must be 
inverted ; then they are all In the form of multiplication. 
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PROBLEMS. 

1. Bednoe | to a simple fraction. 

I 

J X 4 = f simple fraction. 

Rem. — It is evident that the above expreselon indicates that \ 
is to be divided by f . 

1. \ 

2. Reduce | x !• 

t i 

s 
txixlxt=f 

Bsac — I and f are divisors and must be inverted. 

3. Eeduce}^t = t x |- 

i * i * 

s s 

Rem. — ^By inverting the whole divisor, problem 8d is dianged 
from division to multiplication. 

EXAMPLES. 



1. Bednce -^ to a simple fraction, 
o 



J X i = tV simple fraction. 



3 

2. Eeduce^' 

I 



3. Bednce 



3 X i = V = 71- 

62^ 

6 

i|i^ X ^ = \ simple firaction. 
1 
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4. Beduce 



lOOi 



i 4 
6. Reduce X x 77- 

♦ H 

6. Beduce | x f- 

7. Beduce I -7- ^- -47W. ^ = l^^y. 

8. Beduce H -f- 1|- ^ns. 3. 

* To" 

MISCELLANEOUS QUESTIONS. 

1. A man spends f of his income for boards ^ for 
clothings and has 50 dollars left, what is his income ? 

Ans. 600 dollars. 

2. What number diyided by \ will give for a quotient 4 ? 

Ans. 4- 

3. What number multiplied by J will give a product 
off? 'An8.H. 

4. In an orchard \ of the trees bear apples, ^ peaches, 
\ plums, and 20 trees bear pears. How many trees in 
the orchard? Ans. 80 trees. 

5. What are the numbers between 15 and 450 which 
have the former for their greatest common divisor, and 
the latter for their least common multiple ? 

Ans. 30, 46, 75, 90, 150, 225. 

6. What six numbers between 35 and 840 have the 
former for their greatest common divisor, and the latter 
for their least common multiple? 

Ans. 70, 105, 140, 210, 280, 420. 
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7. A father bequeathed \ of his estate to one sod^ and 
the rest of his estate to another ; the difference of their 
legacies were 1560 dollars. How much did each receive ? 

Ans. The one 7800 dollars, and the other 6240 dollars. 

8. A cargo is worth five times the value of the ship. 
What part of the cargo is ^ of the ship and cargo ? 

Ans. \. 
Rem.— 2 is what part of 3? Am, }. 8 is what part of 4? 

Am, f . J is "what part of f . Am. | = J x f = |. 

9. If A can do a piece of work in 4 days, and B can do 
it in 5 days, what part can each do in a day ? What part 
of it can both do in a day ? How many days will it take 
both to do it? 

Av^. A can do ^ in a day, B ^, both ^, and both can 
do it in 2| days. 

10. A and B bought a barrel of flour, for which A paid 
5 dollars, and B paid 6 dollars. What part of the flour 
should each have ? Ans. K^ and B -^. 

11. Three men. A, B, and C, bought 640 acres of land. 
A paid 4000 dollars, B paid 6000 dollars, and 7000 
dollars. How many acres should each receive ? 

Ans. A 160 acres, B 200 acres, and C 280 acres. 

12. A. man left \ of his property to his wife, \ to each 
of his two daughters, i to his son, and the remainder, 
which was 500 dollars, to his servant. What was the 
yalue of his whole estate ? Ans. 6000 dollars. 

13. If 3650 is ^ of some number, what is | of the 
same number? Ans. 5256. 

14. A sold ]^ of a ship for 3650 dollars, and B owns 
•/y of the ship. What is it worth at the same rate ? 

Ans. 5256. 
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Fractions whose denominators are 10, 100, 1000, etc., 
are rendered decimals of the same name by a little change 
in form ; thus, a decimal point is placed on the left of 
the decimals, or on the right of the units, and the same 
relation exists between the successiye orders, as in 
abstract numbers, but the orders themselves 'are 
reversed. 

tV = '^> 10*0 = .001, 

xk = -01, nrW = -0001, 

and are read alike; thus, 

one tenth, one thousandth, 

one hundredth, one ten-thousandth. 

Also, -^ = .3, read three tenths ; 

T^ == .07, seven hundredths ; 

^ = .36, thirty-six hundredths ; 

.^yy^j- = .456, four hundred and fifty-six 
thousandths. 

Hence, to enumerate a decimal fraction, read it as 
you would an integral number, adding to this the name 
of the denominator, when a common fraction, which 
will be expressed by 1 with as many zeros attached to it 
as there are numbers of decimal figures. 
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ADDITION AlfD STTBTEACTION. 

EXAMPLES. 

1. Add .1, .01, .001, .0001, and .0001; thus: 



(1-) 




(2.) 




(3.) 


.1 


Add 


.0234 


Add 5.634 


.01 




.213 




21.321 


.001 




.3146 




.654 


.0001 




.32 




.012 


.00001 




.6 




5.364 


.11111 


(^) 


1.4710 




82.985 
(5.) 


From 


436215 




Fnni 


.326169 


Take 


1.83754 




Take 


.234573 


Rem. 


2.52461 




Bern. 


.091586 



CoE. — As the relation of the ordeiB are the same, and 
the decimals rise in value in the same direction, whilst 
in name they take the opposite direction ; hence, addi- 
tion and subtraction of decimals are performed as in 
Integral fTumbers. 

MULTIPLICATION. 

THEOREM. 

In the multiplicaUon of decimals, the product 
wUl have as many plaices of decimals as both 
factors, 

iV X TiT ^^ tJtT •'• .1 X .1 = .01, 



and 



tJtt X "At — TsW 



.01 X -1 = .001. 
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or. 



1st ool. 




2d COL. 


1x1 = 1 


and 


1 X .1 = .1 


.1x1= .1 


and 


.1 X .1 = .01 


.01 X 1 = .01 


and 


.01 X .1 = .001 



The first column of products is the same as the first 
column of multiplicands, as 1 is the multiplier. The 
multiplier in the second case is one-tenth, consequently 
the products of the second column must be one-tenth of 
the first. 

Therefore the product of two decimal factors will have 
aa many decimal places as both factors. 

1x1 =1, units. 
.1 X .1 = .01, hundredths. 
.01 X .01 = .0001, ten thousandths. 

1x1 =1, units. 
10 X 10 = 100, hundreds. 
100 X 100 = 10000, ten thousands. 

Rem. — Observe the correspondence m name, when the contrary 
orders are multiplied. 

PROBLEMS. 

1. Multiply 2. Multiply 

3.156 .534 

.215 .136 



15780 3204 

3156 1602 

• 6312 . 534 

.678540 .072624 

Hem.— Each product must have six decimals, hence in the 
second example a zero must be prefixed. 
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(3.) • (4) 

.01 .00001 

.01 .00001 



.0001 .000000001 

DIVISIOTf. 

Corollaries to Theorem, Page 84. 

Cob. 1. — ^As the product of the divisor and quotient is 
equal to the dividend, therefore the dividend has as many 
decimal figures as both divisor and quotient. 

Cob. 2. — If the divisor has decimal figures and the 
dividend has none^ or less than the divisor, as many must 
be added to the dividend as to make the number equal to 
that of the divisor, and then the quotient will be inte- 
gral. If more decimals are added to the dividend, the 
quotient will contain as many. 

PROBLEMS. 

1. Divide 21.4263 by 3.12. 

3.12 ) 21.42|63 ( 6.86+ As the divisor has two 

18 72 places of decimals, the 

2 706 quotient will be integral 

2 496 for two places of decimals 

2103 in the dividend ; after that 

1872 the quotient will be deci- 

231, remaiThder. maL 

2. Eeduce the fraction i to a decimal. 

4 )1.00 3 

.26 5 )3.0 

.6 
Cob. — ^Any common fraction may be reduced to a deci- 
mal by performing the division indicated by the terms. 
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EXAMPLES. 

1. Multiply 1 by .1 ; by .01 ; by .001 ; by .0001. 

2. Multiply .1 by .1 ; by .01 ; by .001 ; by .0001. 

3. Multiply .2 by 2; .03 by .4; .05 x .04; .06 x .003; 
and .003 x .004. 

4. Multiply 4.732 by .345. 

5. Multiply 2.074 by .021. 

6. Multiply 3.541 by .002. 

7. Multiply .002 by .3754. 

8. Multiply 721.56 by 21.42. 

9. Multiply 642.54 by 2162. 

10. Multiply 756.48 by 4635. 
Bsac — ^ProTe the last seven examples by divisdoii. 

PRACTICAL EXAMPLES. 

1. A merchant sold 205 yards cotton cloth at t.125 per 
yard, 75 yards gray flannel at $.625 per yard, 12 pairs 
hose at 1.375 per pair, 54 yards linen at $.555 per yard. 
What was the amount of the biU ? Arts. $29.97. 

2. Bought five tracts of land ; viz., 237 acres at $57.43 
per acre, 326 acres at $49.02 per acre, 431 acres at $31.21 
per acre, 1274 acres at $12.48 per acre, and 21346 acres 
at $2,045 per acre. The whole is to be paid in three equal 
instalments ; how much is each payment? 

Ans. $34198.34^. 

This table of aliquot parts enables us to shorten the 
operations of multiplication and division. 
10 cts. = $^. 75 cts. = $}. 66|cts. = $|. 
20 cts. = ^. 12Jcts. = $i. 37icts. = $f. 
25 cts. = $i. 16|cts. = $i. 62ict8. = H- 
50 cts. = $i. 33i cts, = $i. 87i cts. = $}. 
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EXAMPLES. 

1. Multiply 676 by 100. Ans. 57600. 

2. Multiply 576 by 25. 

576 X ^ = 14400. 

3. Multiply 576 by 50. 

576 X H^ = 28800. 

4. Divide 576 by 100. Ans. 5.76. 

6. Divide 576 by 50. 

576 -1- -411 = 576 X 2 -5- 100 = 11.52. 

6. Divide 576 by 25. 

576 ^ i^ = 576 X 4 -^ 100 = 23.04. 

7. Divide 67453.^645 by 47.215. 

soLrnoN. 

. 47.215 ) 67453.2645 (1428.2 + 
47215 



202182 
188860 

133226 
94430 



387964 
377720 

102445 
94430 

8015 



There must be one decimal in the quotient; for 3 in 
divisor + 1 in quotient = 4 in dividend. 
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8. Divide 98637.42598 by 21.798. 

9. Divide 7326.4873 by 86.324. 

10. Divide 83465.987 by 4365.3315. 
Add 1 decimal to dividend. 

11. What is the cost of 576 yards at .12J ? 

576 X i = $72. 

12. What is the cost of 576 yards at .16| ? 

576 X i = $96. 

13. What is the cost of 576 yards at .62J? 

576 X I = 576 X 5 -h 8 = $360. 

14. What is the cost of 576 yards at .87}? 

576 X } = 576 X 7 -^ 8 = $504. 

CIECULATING DECIMALS. • 

PROBLEMS. 

1. In the reduction of common fractions to decimals, 
when the denominator has no other factor than 2 or 5, 
or 2 and 5, the decimal will terminate with the number 
of figures equal to the greatest number of factors of 2 or 
5 in the denominator. 

2. When the common fraction has any other denomi- 
nator, the decimal fraction will not terminate ; and at 
some point in the division, the quotient will begin to 
repeat the same figures; each period of which is called a 
repetend, and the repetends are called Circulating 
Decimals. 
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FORMATION OF REPETENDS. 

\ = .111, etc. = .1; I = .222 = .2; 
if = .1212, etc. = .12. 

Rem. — When tlie repetend has the same figare repeated, a dot 
is placed over the single figure as above, .1 and 2 ; when the repe- 
tend has two or more figures, a dot is placed over the first and 
last ; as .12. 

ffj = 999 ) 237.000 ( .237237, etc. = .237 

199 8 

3720 
29 97 



7230 
6^93 

237 



Eemainder the same as the first dividend ; hence, the 
qnotient will repeat. 

Cor. 1. — ^A repetend is changed to a common fraction 
by placing under it, for a denominator, as many nines as 
there are figures in the repetend. 

Cor. 2. — When the decimal fraction is partly a com- 
mon decimal and partly a repetend, it is readily put in 
the form of a complex fraction, and then may be reduced 
accordingly; thus, 

.32576 = ™ = —W^ = ^^^- 

Rem. — Circulating decimals are seldom met with in practice, 
and the simplest manner to dispose of them is to reduce them to 
common fractions, and then use them as such. 
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All arithmetical numbers may be considered Denom- 
inate^ even abstract numbers, as every figure in each 
successive order, beginning at the right and going to the 
left, is ten times the value of the same figure in the pre- 
vious order, and may be arranged in a table ; thus, 

10 units = 1 ten. 

10 tens = 1 hundred. 

10 hundred = 1 thousand. 

10 thousand = 1 ten-thousand. 

In the United States currency, the orders have the 
same relation ; thus, 

10 mills (w2.) = 1 cent (c/.), 

10 cents = 1 dime. 

10 dimes = 1 dollar (I). 

10 dollars = 1 eagle. 

Dimes and eagles are coins, but are not regarded in 
computation ; but only dollars ($), cents, and mills, the 
cents holding two places. 

There is generally a decimal point placed between 
dollars and cents ; thus, 1456.295, which is numerated 
" four hundred and fifty-six dollars, twenty-nine cents 
and five mills. It may also be numerated without any 
change in its value, " four hundred and fifty-six thou- 
sand, two hundred and ninety-five mills. 
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ADDITIOIT. 

As the relations of the orders in United States 
money is the same as in dbstroyCt numbers, hence 
their application is the same; and in a^ddition 
and subtraction like orders must be placed under 
each other, and in every other way the same 
methods are f (Mowed. 

PROBLEMS. 

$25,365 1. What is the sum of twenty-five 

12.184 . dollars, thirty-six cents and five mills; 

9.100 twelve dollars, eighteen cents and four 

30.005 mills; nine dollars and ten cents; thirty 

15.030 dollars and five mills; fifteen dollars 

$91,684 ^^^ three cents. 

Ans.y Ninety-one dollars, sixty-eight cents and four 
mills. 

2. Add the following sums of money : 

Five dollars, thirty cents and four mills. $5,304 

Three dollars and two mills . . . . 3.002 

Two dollars and three cents ... - 2.030 

Seven dollars and three mills . - . . 7.003 

Twelve dollars and one cent . . . . 12.010 

Nine dollars 9.000 

$38,349 
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Add 



(3.) 


(4.) 


(5.) 


197.548 


Add $386,946 


Add 387,642 mills. 


68,754 


6372.875 


548,753 


97.632 


64759.654 


659,864 


198.564 


876943.687 


3,217,634 


1462.498 


$947463.162 


4,713,893 mills. 



Hem. 1. — The sum of the last example may be numerated thus : 
Four millions seven hundred and thirteen thousand, eight hun- 
dred and ninety-three mills ; or, thus : Four thousand seven 
hundred and thirteen dollars, eighty-nine cents and three mills. 

Rem. 2. — ^Mills are numerated the same as abstract numbers. 



$287,304 
194.293 

$93,011 



SUBTBACTION. 

1. From two hundred and eighty- 
seven dollars, thirty cents and four 
mills, take one hundred and ninety- 
four dollars, twenty-nine cents and 

three mills. Eemainder, Ninety-three dollars, one cent 

and one mill. 

(3.) 

$9,486,397,213 
6,397,423.875 



(2.) 

$475648.364 
387654.875 



$21795.375 
10963.625 



$87993.489 

(5.) (6.) 

100000 100 

99999 99 



$3,088,973,338 

(7.) (8.) 
100 100.00 
1 1.50 

99 98.50 



$10831.750 

(9.) 
100.00 
2.50 

97.50 



Hem. — As in addition and subtraction, so also in multiplication, 
the process is the same as that of abstract integers and decimals ; 
hence there is no need of further exemplification. 
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Eiiglish money is reckoned in pounds, shillings, pence, 
and farthings; sometimes also in guineas; thus, 

TABLE. 

4 farthings {far.) = 1 penny (d.). 
12 pence = 1 shilling («.)• 

20 shillings = 1 pound {£). 

21 shillings = 1 guinea. 



PROBLEMS. 


Beduce £1 to shillings, 
£1 


pence, and farthings. 


20 


£1 = 20 shillings. 


20 = shillings. 
12 


£1 = 240 pence. 
£1 = 960 farthings. 


240 = pence. 
4 





960 = farthings. 

As there are twenty shillings in one pound, there will 
always he twenty times as many shillings as pounds; 
and as there are twelve pence in every shilling, there will 
he twelve times as many pence as shillings; and four 
tinxes as Qiauy farthings as pence. 

Cob. — ^A higher denomination is reduced to a lower 
.one hy multiplication. 

Beduce 960 farthings to pence, shillings and pounds ; 
thus, 4 ) 960 farthings. 

12 ) 240 pence. 

20 ) 20 shillings. 

1 pound. 

As four farthings make one peoiiy? there will be ono- 
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fourth as many pence as farthings, one-twelfth as many 
shillings as pence, and one-twentieth as many pounds as 
shillings. 

Cor. — ^A lower denomination is reduced to a higher 
one by division. 

Seduce 1095 farthings to pence, shillings, and pounds. 

4 )1095 farthings. 
12 ) 273 ... 3 far. 

20) 22 . . . 9d. 

£1 2s. 9d. 3 far. 

The first remainder is farthings, the second pence, and 
the third shillings. 

Beduce £1 2s. 9d. 3 far. to farthings. 

20 

22 shillings. 
12 

273 pence. 
4 



1095 farthings. 

In reducing a higher denomination to a lower one, 
begin by multiplying by the number of the next lower 
denomination that makes one of the higher, and if it be 
a compound number, add to the product the number of 
the lower denomination, and continue this process until 
you reach the lowest denomination. 

In reducing a lower to a higher denomination, divide 
by the number of the lowest denomination that makes 
one of the next higher, and if there be a remainder, it 
will be of the lowest denomination, etc 
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Cor. — ^In the computation of compound numbers, in- 
stead of carrying a unit to a higher order for every ten, 
as in abstract numbers, a unit is carried to a higher 
denomination as often as the sum reaches the number 
that it takes of the lower denomination to make one of 
the next higher denomination ; thus, as 4 farthings make 
1 penny, as often as the sum of the farthings reaches 
four, one must be carried to the pence; and as 12 pence 
make 1 shilling, in computing pence as many must be 
carried to shillings as the number of times 12 is contained 
in the number of pence; 1 from shillings to pounds for 
every 20. 

In division, the order is reversed, as then we begin 
with the highest denomination and descend. 



1. Add 





EXAMPLES. 




£ 


«. d. 


far. 


3 


8 7 


3 


5 


9 6 


3 


6 


11 9 


1 


8 


15 11 


3 



24 6 11 1 

The sum of the first column is 9 farthings, which ifl 
2 times 4 and 1 ; the 1 is farthings, and must be placed 
under the farthings ; the 2 is carried to the next denom- 
ination and added with the pence, the sum of which is 
35; that is, 2 times 12 and 11, that is, 2 shillings and 
11 pence ; the 2 is added with the shillings, making the 
sum 45, which is £2 5s. ; the shillings are placed under " 
the shillings and the 2 carried to the pounds, the sum of 
which is 24. 
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2. From 



£ 


8. 


d. 


far. 


54 


6 


5 


1 


28 


7 


. 6 


3 



£25 18s. lOd. 2 far. 

As you cannot subtract 3 farthings from 1 farthing, 
you must borrow 1 penny, which is 4 farthings ; this 4 
and the 1 make 5 ; then 3 from 6, 2 remains ; the 1 penny 
borrowed must be carried to the 6, which makes 7, which 
cannot be subtracted from 5 ; 1 shilling, that is, 12 pence, 
must be borrowed and added to the 6, which makes 17; 
7 from 17, 10 remains; 1 shilling to carry to 7 makes 8, 
which cannot be taken from 6 ; 1 pound, that is, 20 shil- 
lings^ must be borrowed and added to the 6, making 26, 
from which subtract 8 and-18 remains; and £1 to carry 
to 28, making 29, which is subtracted from 54 and 25 
remains. 

Rem. — When the subtrahend is le^ than the minuend, the dif- 
ference can be taken directly. 





£ 


"K" 




d. 


far. 


8. Multiply 


4 


6. 




5 


3 


ty 










5 




£21 


12s. 




: ^ 


3 


4 


6 






6 


a 


6 


5 




* 


5 


5 


21 


20)33 






25 


4)15 




£1 12s. 




3 


3d. 3 








12 


)28 





2s. 4d. 

CoR. — Multiply each denominate number, and divide 
the product by the number of this denomination that ij 
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takes to make one of the higher, and carry the number 
of times it is contained to the higher denomination, and 
place the remainder under its kind. 
' 4. Multiply £48 12s. 7d. 2 far. by 6. 

5. Divide 4 ) £5 6s. 3d. 1 far, by i. 

£1 6s. 6d. Sifar. 
4 is contained in 5, once and £1 over; this £1 is 20 
shillings, which added to the 6 shillings make 26 shillings, 
into which 4 is contained 6 times and 2 shillings over; 
this 2 shillings is 24 pence, which added to the 3 pence, 
makes 27 pence, in which 4 is contained 6 times and 
3 pence over, which is 12 farthings, and 1 more make 13, 
in which 4 is contained 3^ times. 

6. Divide £754 15s. 9d. 3 far. by 27. 

27 ) £754 iss- 9d. 3 far. ( £27 

54 ' ; 

214 

189 ^ 






25 

2(f 

'6l5,-:(19s. Add the 15s. 
27 ,- 

245^e 

243' 

2 
12 

33 (Id. Add the 9d. 

27 

6 
_4 

27(1 far. Add the 3 fer. 

27 

Quotient = £27 19s. Id. 1 far. 



•78 DENOMINATE NUMBERS. 

7. Multiply £5 4s. 6d. 1 far. by 35. 

35 

£182 18s. 2d. 3 far. 
35 35 35 4)35 



5 _i _? 8d. 3 fax. 

175 140 210 

7 18' 8 



£182 20 ) 158 ( 7 12 )218 

M5 188. 2d. 

18 

HEif . — Observe these solutions carefully ; for if tbey are nnder- 
stood, there is no further difficulty in denominate numbers; the 
principle is the same in all, the tables alone differ. 

EXAMPLES 

1. In 2 dollars, how many cents? How many mills? 

$2x 100= 200 cents. 
2 X 1000 = 2000 mills. 

2. In 5 dollars, how many cents ? How many mills ? 

3. In 7 dollars, how many cents ? How many mills ? 

4. In 5 dollars 15 cents, how many cents ? How 
many mills ? 

15 = 500 cents. 
15 

515 cents = 5150 mills. 

'■V 

6. In 6 dollars 15 cents and 3 mills, how many mills ? 

6. In 500 cents, how many dollars ? ffg = $5, Arts, 

7. In 625 cents, how many dollars and cents ? 

Ans. 16.25. 
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8. In 5325 millfl, how many dollars, cents, and mflls ? 

Ans. 15.325. 

9. In 63257 mills, how many dollars, cents, and 
nulls? 

10. In 75325 cents, how many dollars and cents? 

11. K 1 bushel of wheat cost $1,125, what will 8 bushels 
cost? 

12. If 1 bushel of wheat cost $1.05, what wiU 10 
bushels cost ? 

13. If 1 bushel of wheat cost 11.05, what will 100 
bushels cost ? 

14. If 8 bushels of wheat cost 19, what cost 1 bushel? 

15. If 8 bushels of wheat cost $9, what cost 35 bushels ? 

16. K 10 bushels of wheat cost 110.50, what cost 53 
bushels ? 

17. Bought dry goods for $243.37; groceries for 
$146,294; hardware for $71.96; notions for $21,512. 
What was the amount of the bill ? Sold the same at a 
profit of $157,192. What did I sell the whole for ? 

18. If 5 lbs. sugar cost 50 cents, what will 6 lbs. cost ? 
7 lbs.? 8? 9? 10? 11? 12? 

19. If 6 lbs. cost 72 cts., what will 7 lbs. cost ? 8 lbs. ? 
9? 10? 11? 12? 

20. In 15 farthings, how many pence ? 

Ans. 3Jpen 

21. In 18 farthings, how many pence? How many 
pence in 21 far. ? 23? 25? 27? 29? 31? 33? 34? 35? 

22. How many shillings in 25 pence ? in 28 ? 35 ? 38 ? 
45? 51? 56? 65? 

23. How many pounds in 35 shillings ? in 40 ? 50 ? 
60? 65? 70? 75? 80? 85? 90? 95? 100? 105? 110? 
120 ? 
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24. How many faxthings in £9 13s. 9d. 3 far. ? 

25. How many pounds, shillings, pence, and farthings 
in 37864321 farthings? 

26. Multiply £4 8s. 9d. 3 fer. by 9. 

27. Divide £25 9s. 4d. 1 far. by 13 ? 



AVOIBDUPOIS, OB eOMMEEOIAL WEIGHT^, 

is used in commercial transactions, when goods are 
bought or sold in .quantity, and for all metals except 
gold and sUver, 

TABLE. 

16 drams {dr.) = 1 ounce {oz,) 
16 ounces = 1 pound (?S.). 

25 pounds = 1 quarter (^r.). 
4 quarters = 1 hundredweight (pwt.)i 
20 cwt =1 ton (T.). 

EXEMPLIFICATION. 



1 T. 




20 

20 cwt 
4 


16 ) 512000 dr. 
16 ) 32000 oz. 


80 qrs. 
25 


25 ) 2000 lbs. 
4 ) 80 qrs. 


2000 lbs. 


20 ) 20 cwt 


16 


1 T. 


32000 oz. 


■ 


16 




612000 dr. 
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T. ewt. 
Reduce 3 4 


qr. 
2 


lb. 
8 


oz. dr. 
6 10 


20 

64 








4 






16 ) 1653354 


258 






16 ) 103334 ... 10 dr. 


25 






25)6458 ... 6oz. 


6458 
16 

103334 
16 






4)258 ... 81b. 
20)64 ... 2qr. 

3 4 2 8 6 10 
T. cwt. or. lb. oz. dr. 



1653354 drams. 
Eeduce 1653354 drams to the original denominations. 



TEOY WEIGHT 

is used for gold, silver, and jewels ; also in philosophical 
experiments. 

TABLE. 

24 grains {gr) = 1 pennyweight {pwt). 
20 pennyweights = 1 ounce. 
12 ounces = 1 pound. 



lib. 
12 

12 oz. 
20 

240 pwt 
24 

6760 qr. 



24 ) 5760 
20)J4^ 
12) 
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Eeduce 6 lb. 6 oz. 10 pwt. 16 gr. 
12 

66 Add the 6 oz. 
20 

1330 Add the 10 pwt . 
24 



31936 Add the 16 gr. 

Beduce 31936 grs. to the original denominations. 

24 ) 31936 gr. 
20 ) 1330 . . . 16 gr. 
12 )_66 . - . 10 pwt 

5 lb. 6 oz. 10 pwt. 16 gr. 

DIAMOND WEIGHT. 

Used for diamonds and other precious stones. 

TABLE, 

16 parts = 1 grain = .8 grain Troy. 
4 grains = 1 carat = 3.2 grains Troy. 

APOTHEOABIES' WEIGHT 

is used by druggists in putting up prescriptions; the 
pound, ounce, and grain are the same as in Troy Weight 

TABLE. 

20 grains = 1 scruple (3). 

3 scruples = 1 dram ( 3 ). 

8 drams = 1 ounce ( 5 )• 
12 ounces = 1 pound. 
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1 lb. 

12 

j2 I 20 ) 5760 gr. 

8 3 ) 288 ^ 

96 3 8)_96 3 

1 12)12 § 



288 ^ — jb^ 

20 

6760 gr. 

APOTHEOAEIES FLUID WEIGHT 
is used for liquids iu medical prescriptions. 

TABLE. 

60 minims (m) = 1 fluid dram (f 3 ). 

8 fluid drams = 1 fluid ounce (f | ). 

16 fluid ounces = 1 pint (0.). 

8 pints = 1 gallon {Cong.). 

For ordinary use, 1 teacup = 2 wine glasses = 8 table* 
spoons = 32 tea-spoons = 4 f § . 

COMPARISON OF WEIGHTS. 

1 lb. Ayoirdupois = 7000 gr. Troy. 
1 lb. Troy = 6760 gr. Troy. 

LINEAB MEASUBE 
b used for lengths and distances. 

TABLE. 

12 inches {in.) = 1 foot {ft). 

3 feet = 1 yard {yd.). 

5i yds., or 16J ft = 1 rod {rd.). 

40 rods = 1 furlong {fur.). 

8 furlongs = 1 mile {m.). 

3 miles = 1 league {Jea.). 
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MAEINEE'S MEASUEE. 

6 feet = 1 fathom. 

120 fathoms = 1 cable length. 

880 fath., or 7^ cable lengths = 1 mile. 

Rem. — 1 nautical league = 3* equatorial miles = 3.45771 statute 
miles. 60 equatorial miles = 69.1542 statute miles = 1 equatorial 
degree (°). 360° = the circumference of a circle. 360 equatorial 
degrees = the circumference of the earth. 

CLOTH MEASUEE. 

2J inches {in,) = 1 nail {na.)^ 

4 nails or 9 in. = 1 quarter. 

4 quarters = 1 yard. 

3 quarters = 1 ell Flemish. 

6 quarters = 1 ell English. 

6 quarters = 1 ell French. 

SUBVEYOB'S MEASURE OF LENGTH. 

7^ inches r = 1 Knk {I). 

25 links = 1 pole {p,). 

100 links, 4 poles, 66 feet = 1 chain (cA.). 
10 chains = 1 furlong, 

8 furlongs, or 80 chains = 1 mile. 

LAND MEASURE. 

40 perches = 1 rod. 
4 rods = 1 acre. 
640 acres = 1 square mile, 

termed a Section. 
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SQUAEE MEASXJRB. 

A Square is a surface bounded by four equal sides, 
its angles are also equal; thus^ 

D c This figiire, ABCD, repre-- 

sents a square foot, consider- 
ing each of the small spaces 
as an inch. The sides, AB, 
BC, AD, and DC, each equal 
to 12 inches in length. The 
angles. A, B, 0, and D, are 
equal; that is, if one is placed 
on the other, the sides respec- 
tiyely will coincide. 
AB is 12 inches long, and every inch ia width makes 
12 square inches ; and the 12 inches in width, which is 
either AD or BC, makes 12 x 12 = 144 sq. in, ; hence 
the correspondence of linear and square measure ; thus, 

LIKEAB MEASUEE. 

12 inches = 1 foot. 
3 feet = 1 yard. 
5^ yards = 1 rod, pole, or perch. 



1 1 i 1 1 1 1 1 1 1 1 




1 i 1 1 1 1 1 1 1 




II 1 1 1 1 1 1 1 




It 1 II II II 




1 1 1 1 1 1 1 1 1 1 




t 1 1 1 1 II II 




1 1 1 1 1 1 1 1 1 1 




III 1 1 1 1 1 1 




1 1 1 1 1 1 1 1 1 




1 1 1 1 1 1 1 1 1 t 




1 1 1 1 1 III 




1 1 1 1 i M t 1 1 1 




A 


B 



12 X 12 = 
3x3 = 



12x12x12 
3x 3x3 



SQUAEE MEASUEE. 

144 square inches = 

9 square feet = 

30:1^ square yards = 

CUBIC MEASUEE. 

= 1728 cubic inches = 
= 27 cubic feet = 



1 square foot. 
1 square yard. 
1 square rod ; 
also called perch. 

= 1 cubic foot. 
= 1 cubic yard. 
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CUBIC MEASUER 

A Cube is a solid figure bounded by six equal squares ; 
the square on page 72 represents the base or any other side, 
as the sides are all equal ; the length of all the edges are 
equal, and the angles are all equal. If the above figure 
have 12 inches altitude added to it, every inch wiU make 
144 cubic inches and 12 inches in altitude, 144 x 12 = 
1728, which is the number of cubic inches in a 
cubic foot. 

TABLE. 

1728 cubic inches = 1 cubic foot. 

27 cubic feet = 1 cubic yard. 

16 cubic feet = 1 cord foot. 

128 cubic feet, or ) - , . -i ^ i . 
8 cord feet \=^^- ^^ ^o^^, bark, etc. 

40 cubic feet of round timber, or 50 cubic feet of hewn 
timber = 1 Ton. 

A perch of stone is 16|^ feet long, 1^ feet wide, and 
1 ft. high = 24i solid feet. 

LIQUID MEASUEB. 
This measure is used for all liquids. 

TABLE. 

4 gills {gi) = 1 pint {pt,). 
2 pints = 1 quart {qt.), 
4 quarts = 1 gallon {gal.^^ 

In all liquids, except ale, beer, and milk, the gallon is 
231 cubic inches. 
In ale, beer, and milk, it is 282 cubic inches. 
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Hem. — ^In the former 31} gallons is called a barrel, 63 gallons a 
hogshead, 43 gallons a tierce, 84 gallons a puncheon, and 126 gal- 
lons a pipe, and 2 pipes a tun. In the latter, 36 gallons = a 
barrel, and 54 gallons = a hogshead ; these, however^ are not 
measures, but only vessels. 

DEY MEASUEB 
is ujsed for grain, fruits, vegetables, coal, salt, etc. 

TABLE. 

2 pints = 1 quart. 

8 quarts = 1 peck {ph). 

4 pecks = 1 bushel {bu.) 

= 2150.42 cubic inches. 

The wine gallon of United States = 231 cu. in. 

The beer gallon of United States = 282 cu. in. 

The dry gallon of United States = 268.8 cu. in. 
Imperial gal. of Great Britain for dry 

and liquid nieasures = 277.274 cu. in. 

Dry bushel of United States = 2150.42 cu. in. 

Imperial bushel of Great Britain = 2218.192 cu. in. 

TIME TABLE. 
60 seconds {sec.) = 1 minute (tw.). 



60 minutes 


= 1 hour (An). 


24 hours 


= 1 day {da.). 


7 days 


= 1 week {wh). 


30 days 


= 1 month (mo.). 


365 days 


= 1 common year. 


366 days 


= 1 leap year. 
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ANGULAE OR CIECULAB MEASURE 

applied to angles and circumferences, reckoning lati* 
ides and longitudes, etc. 

TABLE. 

60 seconds (") = 1 minute ('). 
60 minutes = 1 degree (°). 
30 degrees = 1 sign {S.). 
L2 signs or 360 degrees = 1 circumferenca 

Apparently the sun makes an entire revolution of the 
irth in 24 hours,* and consequently travels 15° in 
hour; therefore, 

1 hour of time = 15® longitude. 
1 minute of time = 15' longitude. 
1 second of time = 15" longitude, 

MISCELLANEOUS TABLE. 

12 units = 1 dozen. 

12 dozen = 1 gross, 

12 gross = 1 great gross. 

20 units = 1 score. 

24 sheets of paper • = 1 quire. 

20 quires = 1 ream. 

196 lbs. = 1 barrel of flour. 

200 lbs. = 1 barrel of pork. 

When a sheet of paper is folded into two leaves, or 
pages, and a book made in this way, it is called a folio. 

4 leaves is called a quarto. 
8 leaves is called an octavo. 
12 leaves is called a duodecimo. 
* BeaUy, the revolution is that of the earth on its own axis. 
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PRACTICAL QUESTIONS. 

1. Eeduce £3 9s. lid. 3 far. to faxthings. 

2. Reduce £12 15s. 8d. to pence. 

3. Eeduce £7 Os. 2d. to pence. 

4. Beduce 2354 farthings to the higher denominations. 
6. Reduce 543 pence to the higher denominations. 

6. Eeduce 731 shillings to the higher denominations. 

7. Eeduce 3 T. 6 cwt. 2 qr. 12 lb. 6 oz. and 9 dr. to 
drams. 

8. Eeduce 672432 drams to the higher denominations. 

9. Eeduce 5 lb. 8 oz. 9 pwt. 15 gi'. to grains. 

10. Eeduce 64324 grains Troy to the higher denomi- 
nations. 

11. Eeduce 2 lb. 6 ^ 4 3 23 10 gr. to grains. 

12. Eeduce 6742 gr.. Apothecaries weight, to the 
higher denominations. 

13. Eeduce 3 lea. 2 mi. 5 fur. 24 rods 2 yd. 1 ft. 6 in. 
to inches. 

14. Eeduce 802456 inches to the higher denomina- 
tions. 

15. Eeduce 4 yards 3 qrs. 2 na. and 2 inches to inches. 

16. Eeduce 5 ells Flemish to inches. 

17. Eeduce 4 ells English to inches. 

18. Eeduce 3 ells French to inches. 

19. Eeduce 4 sq. rods 8 sq.yd. 105 sq. ft. and 112 sq. in. 
to square inches. 

20. Eeduce 3 cu. yd. 12 en. ft. and 1236 cu. in. to 
cubic inches. 

21. A pile of wood is 16 ft long, 4 ft. high, 16x4x4 
and the length of the wood is 4 feet. How 8x4x4 
many eords of wood ? 
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22. Eeduce 25 gal. 3 qt. 1 pt. and 3 gills to gills, 

23. Eeduce 9 bu. 3 pk. 4 qt. 1 pi to pints. 

24. How many years, months, and days, from April 
15tli, 1842, to June 20th, 1850 ? 



yr- 


ma 


da. 


1850 


6 


20 


1842 


4 


15 



8 2 5 

25. How many years, months, and days, from October 

,25th, 1845, to August 18th, 1850 ? 



jr. 


mo. 


da. 


1850 


8 


18 


1845 


10 


25 



4 9 23 

Rem. — ^In this question, instead of using the eighth and tenth 
months, some authors prefer calling them 7 months and 9 months ; 
hut if there is an inaccuracy in the months, there is also in the 
years ; hence if we read the above thus : The one thousand eight 
hundred and fiftieth year, the 8th mouth and 25th day, there Is 
no inaccuracy. 

In computations of time we always take 30 days as a 
month. 

26. The diflTerence in time of two places is 2 hr. 2 min. 
and 2 sec. ; what is the diflference in longitude ? 

hr. min. sec 
2 2 2 
15 

30° 30' 30" 
Ans. Thirty degrees. 30 minutes, and 30 seconds. 
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27. If the difference of longitude of two places is 15°, 
the difference of time will be one hour; the eastern 
place will have the latest time. If the difference in 
longitude is 16° 24' 30", what is the difference ii)^ time? 

15 ) 16° 24' 30" ( 1 hr. 5 min. 38 sec. 

15 10 cts. = $^. 

"Y 12i cts. = %\. 

6Q 16f cts. = ^. 

— ,g 20 cts. = ^. 
Yg 25 cts. = $}. 

— 33icts. = ^. 
^ 37Jcts. = $|. 

-^ 50 cts. = If 

570 ( 38 62i cts. = 1^. 

45_ 66f cts. = $|. 

120 75 cts. = If. 

120 87Jcts. = ^. 

28. Multiply 576 by 100 = 57600. 

29. Multiply 576 by 25 = i = 14400. Take J of the 
above. 

30. Divide 576 by 100 = 5.76. 

31. Divide 576 by 25 = 23.04. Multiply by 4. 

32. Multiply 576 by 50 = J (57600) = 28800. 

33. Divide 576 by 50 = 5.76 x 2 = 11.52. 

34. Multiply 576 by .12^ = ^ = $72.' 

35. Multiply 576 by .16f = i = $96. 

36. Multiply 576 by .33^ = ^ = $192. 

37. Multiply 576 by .62^ = 576 x 5-f-8 = 360. 

38. Multiply 576 by .87^ = 576 x 7-7-8 =• 504. 

39. What cost 342 yds. muslin at 8 )_342 

12^ cts. per yard ? "^42|= $42f . 
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40. Wliat cost 342 yds. linen at 37^ cts. per yard ? 
Multiply by 3 = $128J. 

41. What cost 342 yds. linen at 62J cts. per yard? 
Multiply by 5 = a213|. 

42. What cost 342 yds. linen at 87J cts. per yard? 
Multiply by 7 = $299^. 

43. What cost 548 yds. muslin at 16f cts. 6 )_548 
per yard ? "~$9l|. 

44. What cost 345 yds. muslin at 20 cts. 6 ) 345 
per yard ? $09 

45. What cost 496 yds. linen at 33| cts. 3 )_469 
per yard ? $156^ 

46. What cost 496 yds. linen at 66f cts. per yard ? 
Multiply by 2 = $312f . 

47. What cost 500 yds. linen at 25 cts. per yard? 
500 -^ 4 = $125. 

48. What cost 500 yds. linen at 75 cts. per yard? 
Multiply by 3 = $375. 

49. What cost 500 yds. linen at 50 cts. per yard? 
500 -r- 2 = $250. 

50. Bought 648 yards muslin at 12^ cts. a yard, and 
' sold it at 16| cts. per yard. What was the profit ? 

i of 648 = $108 
i of 648 = _81 

$27, Profit. 

51. Bought 500 yds. cloth at 20 cts., and sold it at 
25 cts. ; what profit ? 

i of 500 = $125 
I of 500 = _100 

$25, Profit 
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52. Bought 480 yds. cloth at 66% ets., and sold it at 
SHi cts. ; what was the profit ? 

i of 480 = $60; -} = $420 
i of 480 = 160; | = _320 

$100, Profit 

53. Bought 480 yds. at 37^ cts., and sold it for 50 eta 
per yard ; what was the profit ? 

i of 480 = $240 
i of 480 = 60 ; | = _180 

$60, Profit. 

54. Bought 600 yds. cloth at $1 per yard, and sold it 
for $1.25 per yard; what was the profit ? 

600 X li = $750 
600 X 1 = _600 

$150, Profit 

55. How many yards of cloth, at 12^ cts. per yard, can 
be bought for $240 ? 8 yds. can be bought for every dollar. 

240 X 8 = 1920 yds. 

56. How many yards for 16| cts. ? 20 cts. ? 25 cts. ? 
37icts.? 50 cts.? 62icts.? 75 cts. ? 87icts.? 

80 

37i=|; ^40 X i = 640 yds. ; 
for 62^ cts. = 240 x f . 

57. Sold 500 barrels fiour at $6.62^ pei* barrel, and 
invested the proceeds in different kinds of dry goods, 
averaging 87^ cts. per yard. What were the proceeds of 
the flour, and how many yards of goods did I get ? 
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COMPARATIVE VIEW OF DENOMINATE NUM- 

BEES AND FEACTIONS. 

Thus, £4 - 6s. Si 3 far. 

20 12 _4 

80 60 32 

12 4 

960 240 . 240 

4 32 



3840 3 

^4 + iftr + irfrr + 7*7r. 
hence, £4 6s. 8d. 3 far. = £4rff^. 



275 _ 
960 "" ^^' 



3840 4 X 960 = 3840 
240 5 X 48 = 240 
32 8 X 4 = 32 
3 3 = 3' 

4115 farthings. 4115 __«... 

"960" "" ^"^^^^ 

The common fraction may be reduced to a decimal ; 
thus, V^V = .2864583. 

The denominate numbers are all reduced to the lowest 
denomination, and the whole number and fractions are 
all reduced to a common denominator. 

Cor. 1. — As the number of each denomination may 
properly be regarded as units, so the number expressing 
the numerator of any fraction may be regarded as units, 
and used accordingly. 
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TIME. 

PROBLEM I. 

To find the difference of time between two given 
dates^ sabtract the former date from the latter. 

EXAMPLES. 

1. What is the time from the 10th April, 1845, to the 
15th July, 1860 ? 

JT, mo. da. 

1850 7 15 

1845 4 10 

Ans, 5 3 5 

2. What is the time between 15th July, 1850, and the 
10th April, 1856 ? 

yr. mo. da. 

1856 4 10 

1850 7 15 

Ans. 5 8 25 

3. What is the time from the 15th May, 1856, to the 
1st January, 1860 ? Ans. 3 yr. 7 mo. 16 da. 

4. How many years, months and days from March 10th, 
1872, to June 20th, 1874 ? Ans. 2 yr. 3 mo. 10 da. 

5. What is the time from Sept. 13th, 1865, to April 
10th, 1870'? Ans. 4 yr. 6 mo. 27 da. 

6. What is the time from Dec. 25th, 1870, to Jan. 13th, 
1875 ? How many days ? 1st Ans. 4 yr, 18 da. 

360 X 4 = 1440 

18 

2d Ans. 1458 days. 
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PROBLEM II. 

To find the difference of time of two places whose 
longitudes are given. 

Rem. — Divide the difference of longitude by 15, and in the 
quotient regard degrees, minutes and seconds as hours, minutes 
and seconds of time. 

The time must be rated from the fixed meridian, which for the 
world is Greenwich, England, and as the sun appears to move west, 
every place west of this meridian must have earlier time, at the 
rate of 1 hour for every 15 degrees ; that is, when it is 9 o'clock 
A.M., at Greenwich, it is 8 a.m. 15 degrees west of Greenwich. 

EXAMPLES. 

1. The longitude of New York is 74° 1' 6" west, and 
that of Cincinnati is 84° 24' west. What is the time at 
Cincinnati, when it is 12 o'clock, noon, at New York. 

84° 24' 0" 

74 1 6 



15 ) 10° 22' 54 


" ( hr. 41 min. 31f sec. 


60 




622 ( 41 


12 00 00 


60 


41 31| 


22 


Ans. 11 18 28|, A.M 


15 




7 




60 




474 ( 31| 




45 




24 




15 




A = |. 
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2. Longitude of New York is 74° 1' 6" and St Louis 
90° 15' 10". When it is noon at New York, what is the 
time at Si Louis ? 



90° 15' 10" 




74 1 6 




15 ) 16° 14' 4" { 1 hr. 4 min. 56^ sea 


15 




1 hr. 


min. Bee. 


60 12 


00 00 


74 { 4 min. 1 


4 66^ 


60 Ans. 10 


55 3H 


14 




60 




844 ( 56 sec. 




75 




94 




90 




tV 





3. The longitude of Dublin is 6° 20' 30" west, and of 
Louisville 85° 30' west What is the time at Louisville, 
when it is 2 A.M. at Dublin ? 



85° 


30' 


00" hr. 


min. eea 


6 


20 


30 2 


00 00 


79° 


9' 


30^15 = 5 


16 38 






Ans. 8 


43 22 P.M. 






Of the previous day. 
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PROBLEM III. 

To find the difference of longitude of two places, the 
difference in their time being given. 

Multiply the difference of time by 15, and regard the 
hours, minutes and seconds of the product as degrees, 
minutes and seconds of longitude. 

EXAMPLES. 

1. The difference in time of two places is 3 hr. 45 min* 
30 sec. ; what is the difference in longitude ? 



hr. 


min. 




3 


45 


30 
15 



66° 22' 30'', diff. in long. 

2. The difference in time between New York and 
Cincinnati is 41 min. 31f sec. ; the longitude of New- 
York is 74'^ 1' 6" west What is the longitude of 
GincinnatL 

min. sec. 





41 


31| 






16 


10° 


22' 


54" 


74 


1 


6 



84° 24', west long, of Cincinnati. 
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3. The time at St. Louis is 1 hr. 4 min. 56^ sec. 
earlier than that of New York, whose longitude is 
74° V &'. What is the longitude of St. Louis ? 

hr. min. sec. 

1 4 56^ 

15 



16° 14' 4", diff. in long. 

74 1 ^ 

90° 15' 10", long, of St. Louis. 

4. The time at Louisville is 5 hr. 16 min. 38 sec. 
earlier than that of Dublin, whose longitude is 6° 20' 30" 
west. What is the longitude of Louisville ? 

hr. nun. sec. 



5 


16 


38 
15 


79 


9 


30 


6 


20 


30 



85° 30' 00", long.of Louisville. 

Rem.— When it is 9 a.m. at New York it is 10 a.m. 15° east of 
NfewYork and 15° west of New York the time is 8 a.m. 

5. The difference in time of Washington and St. Peters- 
burg is 7 hr. 9 min. 19^ sec. What is the diflFerence in 
longitude? 

Ans. 107° 19' 48i" =: difference in longitude. 

6. The longitude of Cincinnati is 84° 24' west. When 
it is 10 o'clock A.M. at Cincinnati, it is 22 min. 8 sec. 
past 10 at BuflBalo. Whafc is the longitude of Buffalo ? 

Ans. Longitude of Buffalo 78° 52'. 
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Two fractions can be formed of any two integral num. 
bers, the one a proper fraction, the other an improper 
fraction. These fractions are also called Ratios^ 

As the product of any number multiplied by the 
proper fraction is less than the number itself, the frac- 
tion is called a Diminishing Ratio; and as the 
product of any number multiplied by the improper frac- 
tion is greater than the number itself, it is called an 
Increasing Ratio. 

PROBLEMS. 

1. If 5 lbs. sugar cost 50 cents, what wiU 9 lbs. cost ? 

It is evideijt that 9 lbs. will cost more than 5, and just 
as much more as is indicated by the increasing ratio 
formed by the two like terms, 5 lbs. and 9 lbs. 

10 

If 6 lbs. cost 50 cts., 9 lbs. will cost SJ0 cts. x f = 90 cts. ; 
this may be further demonstrated thus, 

5 lbs. = 50 cts. 
1 lb. = 10 cts. 
9 lbs. = 90 cts. 

In a problem of ratios, the one ratio is given, and one 
of the terms of the other ratio, to get the second term ; 
thus, in the above : 
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Given, 5 lbs. sngar and 50 cents. 

Bequiredy 9 lbs. sugar and ? 

Tbe ratio of the money will be the same as of the sugar. 
As the required sugar is more than the given, the ratio 
must be increasiug; that is, f. .*. 50 xf = 90, the ratio 
of the required money to the gain, |f = f , the same as 
of the sugar. 

EXAMPLES. 

1. K 5 bushels of wheat cost $6.25, what will 8 bushels 

cost? 

Given 5 bn. and $6.25. 

Bequired, 8 bn. and 

%Ui X t = $10.00. 

8 _ 25)1000 _ 5)40 _ 8 
5 ■" 625 "" 25 "■ 5' 

The ratios of the wheat and of the money is the same. 

Rem. — Ratios can only be fonned by two like termB. 

2. If 5 bushels of oats cost $1.50, what will 21 bushels 

cost? 

^jL = fll = ■^; the ratio is the same. 

Given 5 bu. and $1.50. 

Bequired, 21 bu. and 

$1.00 X J^ = $6.30. 

Rem. — ^Write the given terms in a line and the like term of the 
required immediately under that of the given. One term of the 
required is wanting, and the given like term may be called the 
term of demand, and should be placed first and multiplied by the 
ratio, having for its numerator the required term of the ratio, and 
for its denominator the given term. 
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As a general thing, an increase in the required term of the ratio 
will take more of the unknown to accomplish it ; an increased 
amount of goods will cost a greater sum of money ; an enlarged 
piece of work, an additional sum of money ; and the greater the 
work, the longer time to perform it, etc. In examples of this 
kind, the ratios are direct, and the required term of the ratio holds 
the place of the numerator and the given term that of the denomi- 
nator, and the product of the ratio and the odd given term Is the 
term required. 

3. If a man travel 40 miles in 8 hours, how many miles 
will he travel at that rate in 18 hours ? 

Given 40 miles and 8 hours. 

Eequired, ? miles and 18 hours. 

ft 
40 miles X Jg?- = 90 miles. 

4. If 15 bushels of wheat yield 3 barrels of flour, how 
many bushels will yield 10 barrels of flour ? 

Given 15 bu. and 3 barrels of flour. 

Bequired, ? and 10 barrels of flour. 

SOLUTION. 
5 

10 X ^ = 50 bushels. 

5. If a man travel 30 miles in 2 days, how long will it 
take him to travel 240 miles ? 

Given 30 miles and 2 days. 

Eequired, 240 miles and ? 

6. If a staff 4 feet long east a shadow 3 feet, what is 
the height of a steeple which casts a shadow 90 feet ? 





STAFF. 


BHAT>OW. 


Given 


4 ft. 


3ft. 


Eequired, 


? 


90 ft. 
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7. If the interest of 1100 for one year is $5, what 
would be the interest of $500 for the same time? 





FBDTCIPAL. 




INTERBST. 


Given 


$100 


and 


$5. 


Kequired, 


$500 


and 


? 



8. If I of a barrel of flour cost $4, what will 4f barrels 
cost? 

Given f barrel and $4. 

Eequired 4f barrel and ? 



1 



4 X ^. $4 X y X I = $28. 

Hem. 4| is a multiplier, and ( is a divisor; the j must be 
inverted. 

9. If A\ bushels of wheat cost $5.40^ what will 8J bu. 
cost? 9ibu.? 23i? 31|? 47^? 39^^? 58J? 97^? 106J? 

10. If 8 bushels of wheat cost $10, what will be the 
cost of ^ bu. ? 10} bu. ? 15| bu. ? 37} bu. ? 95| bu. ? 
n^ bu. ? 150} bu. ? 279f bu. ? 

11. If 5} acres of land cost $230, what is the cost of 
6} acres ? 7| acres? 12} axjres? 13} acres ? 17| ? 18}? 
19} ? 20} ? 37} ? 49} ? 

12. If 2^ acres of land cost $110, what will | of an 
acre cost ? } acre ? } acre ? } acre ? } acre ? } acre ? 
} acre? 1} acres ? 1} acres? 

13. If ^if of a yard of cloth cost ^^ of a dollar, what 
will } of a yard cost ? 

Given VVj^* ^^^ ^* 

Eequired, } yd. and ? 
A X f X ^ 
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14. If \ yard of cloth cost 12, what will 3 ells F. cost ? 

2 X * = 

15. If I yard of cloth cost $2.25, what will 5 ells 
English cost ? What will 5 ells French cost ? 

2.25 X ^. 

EXAMPLES. 

1. If 12 bushels of wheat cost $15, what will 42 bushels 

cost? 

Given 12 bushels and $15. 

Eequired 42 bushels and ? 
15xtt = 15x} = J^= $52^. 

2 

2. If 15 bushels of oats cost $4.50, what will 75 bushels 

cost? 

Given 15 bushels and $4.50. 

Eequired 75 bushels and ? 

$4.50 X if. 

3. If 12 bushels of wheat cost $15, how many bushels 
will $52i buy ? 

Given 12 bushels and $15. 

Eequired ? and $52.60. 

12 X ^ = /^ X W' = 42 bushels. 
Id <j 

4. If 15 bushels of oats cost $4.50, how many bushels 
wiU $22.50 buy ? 

Given 15 bushels and $4.50. 

Eequired ? and $22.50. 

15 X ^^?^ = 75 bushels. 
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5. If a man travel 48 miles in 6 hours, how many miles 
will he travel in 56 hours at the same rate ? 

Ans, 448 miles. 

6. If 20 bushels of wheat yield 4 barrels of flour, how 
many bushels will be required for 15 barrels of flour? 

Ans, 75 barrels. 

7. If 20 bushels of wheat yield 4 barrels of flour, how 
many barrels of flour will 75 bushels yield ? 

8. If a man travel 50 miles in 2 days, how long will it 
take him to perform a journey of 375 miles at the 
same rate ? 

9. If a staff 3 feet long east a shadow 4 feet, what will 
be the length of the shadow of a steeple 180 ft. high ? 

Given 3 ft., staff and 4 ft., shadow. 

Required 180 ft, steeple and ? shadow. 

Shadow of steeple 240 ft. 

10. If the interest of 1100 for one year is $6, what is 
the interest of $500 for the same time ? Ans. 130. 

11. If a man's salary amounts to $1500 in 3 years, how 
much will it amount to in 7 years ? 

12. If l^ bushels of wheat cost $15, what will 35^ 
bushels cost ? 

35| X 2 = 71 15 X ft- 

I2I X 2 = 25* 

13. If f of a barrel of flour cost $6, what will 5^ bar- 
rels cost? 

The 5^ is a multiplier and the | is a divisor. 

6 X i X V-- 
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14. If ^ bushels of wheat cost $6;60, what will 
37i bushels cost ? 

0.00 X A X ^i^ = 144.80. 

15. If i of an acre of land is worth $36.40, what is the 
value of 15^ acres at the same rate ? 

15^^ = -8^. $36.40 X i X W- 

16. If 7| acres of land cost $1560, what will J of an 
acre cost ? Ans. $150. 

17. The assets of a firm are $48576 and the liabilities 
$97648 ; how much will a creditor receive to whom is 
owing $1654? 

48576 X Wm = 

18. If ^ of a yard cost $^, what will f of a yard 
cost? - Ans. $^. 

19. If -3^ of a ship cost £49, what is f of it worth ? 

Ans. £32. 

20. What will 57 acres 3 rods and 24 perches of land 
cost, if 5 acres 2 rods and 6 perches cast $224.64? 

Eeduce to perches. Ans. $2348.83 + . 

21. If $1.50 will buy 6 lbs. sugar, how much sugar 
will $36.50 buy ? 

22. If 5^ yards of cloth cost $7.15, what will 72J yards 
cost? ■ $7.15 X ^. 

23. If 4^ lbs. ham cost 87 cents, what will Zh\ lbs. 
cost? Ans. $6.79 + . 

24. If .75 of a ton of hay cost $15, what will 2.25 tons 
cost? Ans. $45. 

25. If 160 acres of land cost $400, what will 830 acres 
cost? 

26. K -^ of a ship cost $4500, what will ^ cost ? 
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27. If .25 of an acre of land is worth $32, what is .875 
of an acre worth ? 

28. If 5f yards of muslin cost 46 cents, what will 
20J yards cost ? Arts. 162 cents. 

29. If 3 yards of cloth cost 115.75, what will 6 ells 
English cost ? Ans. *39.37i. 

30. K 5 ells PL cost $15.15, what will 6 ells Fr. cost ? 

In the preceding examples, the ratios were all direct; 
as in those cases any increase in the required term of the 
ratio demanded a similar increase of the unknown ; but 
there are cases which require the ratio to be inverted, 
such as, the more men employed, the less time will be 
required to perform a piece of work; the more hours 
employed in the day, the less days ; the wider the ma- 
terial, the less yards it will take to make a garment, etc. 

These cases of inverse ratio are readily detected by 
asking this question : " Will an increase of the required 
term of the ratio demand an increase in the unknown 
term ?'* If it does, the ratio is direct; but if an increase 
in the required term of the ratio demand a diminution 
of the unknown term, the ratio must be inverted ; thus, 

PROBLEM. 

If 4 men can do a piece of work in 10 days, how long 
will it take 8 men to do the same work ? 

Given 4 men in 10 daysk 

Bequired, 8 men in ? 

s 
10 days X t = 5 days. 
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Cor. — It is evident that 8 men will do it in less time ; 
that is, in one-half the time that it will take 4^ which 
ratio is expressed by the diminishing ratio of 4 and 8, 
that is, f = ^, in which the given term is the numerator 
of the ratio and the required term the denominator. 



EXAMPLES. 

1. If 5 men can dig a ditch in 20 days, how many men 
will dig it in 25 days ? 

Given 5 men and 20 days. 

Bequired, P and 25 days. 

4 

men x H = 4 men. 

Bem. — An increase in the 25 will require less men. 

2. K 6 horses eat a certain quantity of hay in 30 weeks, 
bow many horses will consume the same quantity of hay 
in 9 weeks? 

Given 6 horses and 30 weeks. 

Eequired, ? and 9 weeks. 

f 10 

horses x ^ = 20 horses. 

3. K a man perform a journey in 12 days, when the 
days are 9 houra long, how many days of 12 hours wiU it 
take him? 

Given 12 days and 9 hours. 

Bequiredy ? and 12 hours. 
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4. If 10 men can build a wall in 40 days, how many 
men will be required to build the same wall in 10 days ? 

Given 10 men and 40 days. 

Eequired ? and 10 days. 

10 X t4 = 40 men. 

An increase in the required term of the ratio demands 
a diminution in the unknown. 

6. If 12 horses eat a certain quantity of hay in 54 
weeks, how many horses wiU consume the same hay in 
9 weeks ? Ans. 72 horses. 

6. If a man perform a journey in 24 days when the 
days are 9 hours long, how many days will it take him 
when the days are 12 hours long ? Ans. 18 days. 

7. If 10 men reap 30 acres of wheat in 3 days, how long 
will it take 5 men to reap the same field ? Ans. 6 days. 

COMPOUND RATIO. 

When there are two or more ratios, it is termed 
Compound Ratio; thus, 

If 3 men in 12 days build 40 rods of wall, how many 
rods will 9 men build in 24 days ? 

Given 3 men, 12 days, 40 rods. 

9 men, 24 days, ? 

40 X t X M = 240 rods. 

Rem. — Each ratio is direct. 

If 12 men dig a ditch 20 rods long in 18 days by work- 
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ing 8 hours a day, how many men "will dig a ditch 40 rods 
long in 24 days, working 6 hours a day ? 

Given 12 men, 20 rods, 18 days, 8 hours. 

? 40 rods, 24 days, 8 hours. 

S It 

12 men xt|xifxt = 24 men. 

Exemplification. — The longer the trench, the more men it 
wiU take, and the ratio is direct ; but the greater the number of 
days and the more hours of each day, the fewer men would be re- 
quired ; hence these two ratios are inverse. 

Cor. — Each ratio must be dealt with as in the pre- 
ceding article. 

EXAMPLES. 

1. If 4 men in 12 days build 40 rods of wall, how many 
rods will 6 men build in 18 days ? 

Given 4 men, 12 days, 40 rods. 
Eequired 6 men, 18 days, ? 

10 9 

rods X J X ii = 90 rods. 

The ratios are all direct. 

2. If 18 men dig a trench 30 rods long in 24 days by 
working 8 hours a day, how many men will dig a trench 
60 rods long in 64 days working 6 hours a day ? 

Given 18 men, 30 rods, 24 days, 8 hours. 

Eequired ? 60 rods, 64 days, 6 hours. 

8 s 3 

^^xi|xUx| = 18 men. 
Observe, the longer the trench, the more men will be 
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required ; but the more days the less men, and the more 
hours the less men ; the first ratio is direct, the other 
two inverse. 

3. If 6 men in 16 days of 9 hours each, build a wall 
20 feet long 6 feet high and 4 feet thick, in how many 
days of 8 hours each will 24 men build a wall 200 ft. long 
8 ft. high and 6 ft. thick ? Ans. 90 days. 

4. If 12 men mow 24 acres of grass in 2 days of 10 
hours each, how many hours a day must 16 men work to 
mow 80 acres in 4 days ? 

Given 12 men, 24 acres, 2 days, 10 hours. 

Required 16 men, 80 acres, 4 days, ? 

5 5 

^0 X H X If X } = V = 12J hours. 

s 

5. If 1100 in 12 months gain |6, how long wiQ it take 
$600 to gain $24 ? 

Given $100 prin., 12 mo., $6 interest. 

Eequired $600 prin., ? $24 interest. 

^^ X i X f = 8 months. 

6. If 8 horses eat 42 bushels of oats in 24 days, how 
many bushels will suffice 16 horses 36 days? 

Ans, 126 bushels. 

7. If it cost $30 to transport 6 cwt. 2 qrs. 180 miles, 
what will be the cost of transportation of 19 cwt. 2 qrs. 
270 miles? Ans, $135. 

8. If 42 men in 270 days of 8^ hours each can build 
a wall 98f yards long 7^ ft. high and 2J^ ft. thick, in how 
many days of 11-J hours each can 63 men build a wall 
45^ yds. long 6-ft^ ft. high and 3^ ft. thick ? 
270xHxJsi^XiftrxH^xHx^X7i3xAx| = 68da. 
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REM.«-Wlien all the tenns are arranged in ratios, the cancellO' 
tion is more easily performed. It is better, however, first to 
arrange the like terms together, and then mark the direct and 
indirect ratios. 

9. If 14 men can reap 84 acres in 6 days, how many 
men must be employed to reap 44 acres in 4 days ? 

10. A wall 600 feet in length is to be built in 30 days; 
10 men have been employed at it for 12 days, and have 
built 240 feet. How many more men must be employed 
in order to finish it in the given time ? 

Ans. The 10 men will finish it in the given time. 

11. If 12 men make 600 pairs of shoes in 30 daySj 
how many men will make 12000 pairs in 90 days ? 

Ans. 80 men. 



SIMPLE EQUATIONS. 

An Equation consists of two equal members placed 
opposite each other with the sign of equality between 
them. The members are called the right and left hand 
members. Thus, 8 + 4 = 6 + 6. 

The analysis of simple ratios may be rendered by 
equations, thus : 

1. If 12 bushels of wheat cost 115, what wiU 42 bushels 
cost? 

12 bu. = 115. 
Divide both members by 12. 1 bu. = 11.25. 

Multiply both members by 42. 42 bu. = 152.50. 

That is, if 12 bushels equals or costs |15, one bushel 
will cost -^ of 115 ; that is, $1.25 and 42 bushels will 
cost 11.25 X 42 = $52.50. 
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Ax. 1. If equals be multiplied by equals, the products 
will be equal. 

Ax. 2. If equals be divided by equals, the quotients 
will be equal. 

2. If 15 bushels of oats cost $4.50, what will 75 bushels 
cost? 

15 bu. = 14.50. 
Divide both members by 15. 1 bu. = .30. 

Multiply both members by 75. 75 bu. = 122.50. 

3. If 20 bushels of wheat yield 4 barrels of flour, how 
many bushels will yield 15 barrels of flour ? 

4 barrels = 20 bushels. 

1 barrel = 5 bushels. 

15 barrels = 75 bushels. 

4. A man bequeathed his estate of 110000 to his son 
and daughter; the son to have $2000 more than the 
daughter. What was the share of each ? 

The work may be shortened by letting x represent one 
of the unknowns; thus. 
Let X = daughter's share. 

X + 2000 = son's share. 

Add the 2 shares, 2x + 2000 = 10000 

2a: = 8000 

X = 4000 daughter's share. 
X + 2000 = 6000 son's share. 
Cob. 1. If equals be subtracted from equals, the re- 
mainders will be equal. 

2. If equals be divided by equals, the quotients will 
be equal.. 

5. A and B hired a pasture for $55 ; A paid 13 dollars 
more than B. What did each pay? 
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Let 


X = what B paid. 


Then 


a; + 13 = what A paid. 




2a; + 13 = 55 




2a; - 42 




a; = 21 = what B paid. 




a? + 13 34 what A paid. 



EQUATION OF PAYMENTS 

consists in averaging the time of several payments so as 
to get the time when all may be paid at once, without 
loss to either party ; thus, 

1. Bought goods for $300 payable in 2 months, $500 
in 3 months, $700 in 4 months. At what time should the 
whole be paid without loss to either party .^ -fl = ^^ 

$300 X 2 = $600 in 1 month. 
600 X 3 = 1500 in 1 month. 
700 X 4 = 2800 in 1 month. 

$1500 X 3^ = $4900 in 1 month. 
The discount of 4900 for 1 month = 1500 in 3^^ 
months. The whole should be paid in 3 mo. 8 da., Ans, 

2. Bought goods for $500 payable in 30 days, $600 in 
60 days, $1000 in 90 days, $5000 in 120 days. What 
would be the equated time to pay the whole? 

500 X 30 = 15000 

600 X 60 = 36000 

1000 X 90 = 90000 

5000 X 120 = 600000 

71|00 X 104|| = 71 ) 7410|00 ( 1044| days. 

71 

310 

284 

22 
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AVEEAGING ACCOUNTS. 

When sales are made at dififerent times and on different 
terms, to find on mean time when all may be.paid without 
loss to either party ; thus, 

1. A merchant sells goods as follows : 

Jan. 1st, $100 on 1 month. 
Jan. 18th, 200 on 1 month. 
Feh. 1st, 300 on 2 months. 
Feh. 12th, 250 on 3 months . 

At this date no payment has been made. In how 
many days should the whole be paid at once in order to 
secure both parties? 

Begin at Feb. 1st, when the first account is due. 

Feb. 1st, $100 X 
Feb. 18th, 200 x 17 = 3400 
Apr. 1st, 300 X 69 = 17700 
May 12th, 250 x 100 = 250^0 

850 ) 46100 ( 54 days. 

4250 

3600 
3400 



2^^ 
85|0 ^ 
Due 54 days after Feb. 1st ; that is, 27th March. 

2. When an account has both debits and credits, begin 
with the first date. 
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• 

Dr. B. Thompson in acccount with I. PARSOiirs. Cr 
To invoice of goods due 
March 15th, $400 
April 1st, 300 
April 15th, 200 
May 1st, 400 

May 15th, 600 
Before conjoined. 
1400 X 14 = $5600 
300 X 31 = 9300 
200 X 45 = 9000 
400 X 61 = 24400 
600 X 75 = 45000 



March 1st, 


by 


cash, $300 


April 1st, 


by 


cash, 200 


April 15th, 


by 


cash, 300 


May 15th, 


by 


cash, 500 


300 X 







200 X 


31 


= $6200 


300 X 


45 


= 13500 


500 X 


75 


=r 37500 



$1900 
1300 
$600 



$93300 
57200 
6 ) 361| 00 
60 days. 



$1300 



$57200 



CONJOINED EQUATIONS AND EATIOS 

consist of a number of equations, and in each successive 
equation the left hand member or antecedent is a like 
term of the right hand member or consequent of the 
preceding equation. 

PROBLEMS. 

1. If 5 oranges are worth 8 lemons, 3 lemons worth 10 
apples, 4 apples worth 1 melon, and 6 melons worth 75 
cents, how much are 12 oranges worth ? 
Arrange in equations, 
oranges, lemons. 
5 := 8 apples. 

3 = 10 melon. 

4 = 1 cents. 
6 = 75, 
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6 melons 


= 75 




1 melon 


= ¥ 




4 apples 


= V 




1 apple 


75 
~ 6 X 


4 


10 apples 


= 75 X 


i 



8 lemons =75xixV-x| = 5 oranges. 

8 5 8^4 

13 oranges = JSJxix^xfx V = ^5 x2x4=200 

i& 

2. If 6 cords of wood buy 12 barrels of apples, 8 barrels 
of apples buy 6 barrels of oranges, 2 barrels of oranges 
32 lbs. butter, 40 lbs. butter = 1 ton coal, and 6 tons 
coal = 15 barrels flour, how many cords wood will 12 
barrels flour buy ? 
wood, apples. 
6 = 12 oranges. 

8 = 6 butter. 

2 = 32 coal. 

40 = 1 flour. 
6 = 15 

12 = how many cd. wood ? 

1 bbl. apples = ^. 

8 bbls. apples = 6 x -A" = ^ ^Ws. oranges. 

2 bbls. oranges = 6x-ft-x|- = 32 lbs. butter. 
40 lbs. butter =6x-Axfx^ = l ton coal. 

6 tons coal = 6xAxf><Mxf = ^^ ^Ws. flour. 

8 
8 IBi 

12bbls.flour = xAxfxilxf xH 

= 2x2x2 = 8 cords of wood. 

Cob. 1. — When the odd term, which is the term of 
demands, is the consequent of the last equation, make it 
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the first term and multiply it by all the other terms as 
ratios in the order in which they stand, the upper like 
member as the numerator and the lower one as denomi- 
nator. 

CoR. 2. — When the antecedent of the first equation is 
the odd term, multiply it by all the other terms inverted 
as ratios. 

EXAMPLES. 

1. If A can do as much work in 3 days as B in 4^ days, 

B as much in 9 days as C in 12 days, and C as much in 

10 days as D in 8 days, how many days work of D's is 

equal to 5 days of A's. 

A 
WhatD = 5 B 

3 = 4J 

9 = 12 D 

10 = 8. 

Arts. 5 days of A. = 8 days of D. 

2. If 4 men can do as much work as 5 women, 6 

women as much as 9 boys, 15 boys as much as 25 girls, 

and 27 girls can bind 300 sheaves in an hour, how many 

sheaves can 18 men bind in the same time ? 

men. 

? sheaves = 18 women. 

4 = 5 boys. 

6 = 9 girls. 

15 =: 25 sheaves. 
27 = 300 

300xMxAxix^ = 
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3. If 1 pound is worth 20 shUlings, 1 shilling == 13 
pence, and 1 penny = 4 farthings, how many farthings 
are there in 1 pound? 

farthings. pence. 

4=1 shilling. 

13 = 1 pound. 

20 = 1 

1 = ? farthings. 

4 X ^ X ^ = 960 farthings = 1 pound. 

4. If 3 lbs. tea are worth 7 lbs. coffee, 14 lbs. coffee 
worth 48 lbs. sugar, and 18 lbs. sugar worth 27 lbs. soap, 
how many lbs. soap are 6 lbs. tea worth ? 

tea. 
? soap = 6 coffee. 

3^7 sugar. 

14 = 48 
Ans. 72 lbs. soap. 18 = 27 soap. 

5. If 1 French crown = 80 pence Holland, 83 pence 
Holland = 48 pence English, 4 pence English = 70 
pence Hamburg, 64 pence Hamburg = 1 florin Frank- 
fort, how many florins Frankfort = 166 French crowns? 

Ans. 2100. 

6. If 30 acres of land in Frederick are worth 40 acres 
in Washington, 60 acres in Washington are worth 90 acres 
in Allegheny, 100 acres in Allegheny worth 40 acres in 
Carroll, 50 acres in Carroll worth 75 in Montgomery, how 
many acres in Frederick are worth 450 in Montgomery? 

acres. acres. 
30 F. = 40 W. acres. 

60 W. = 90 A. acres. 

100 A. = 40 C. acres. 
50 C. = 75 M. 
Ans. 375 acres. 450 M. = ? F. 
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JPev Cent, means per hundred, and is generally ex- 
pressed fractionally; thus, 5 per cent., 6 per cent., 
marked b% and 6^, is expressed -j-J^j, ^ j^, etc., or .05, .06 ; 
thus, -^ of 100 = 100 X ^ = 6, and -^ of 100 is 6. 

EXAMPLBS. 

1. What is b% of 200 ? ^00 X ^ = 10, Arts. 
What is 6^ of 300 ? Ans. 15. 
What is b% of 400 ? Ans. 20. 

2. What is b% of 245 ? 2.45 X i;!^ = 12.25, Ans. 
The 100 is canceled in the 245 by pointing off two 

places of decimals. s 

3. What is 6^ of 300 ? W0 x xfa: = 18, Ans. 
What is 6^ of 400 ? Ans. 24. 
What is 6^ of 500 ? Ans. 30. 

4. What is 6^ of 368 ? 3.68 X xfe = ^^-^8. 

COMMISSION, OE BROKEEAGE. 

The business of a commission merchant or broker is to 
make purchases and sales, on which he receives a per- 
centage. 

PROBLEM I. 

A purchase of $100 worth of goods, at 1% commission, 
will cost $101 ; that is, \^ of the amount of the purchase. 
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In a sale of goods for |100^ at 1% commission, the 
owner will reaUze $99 ; that is, -^ of the amount of sale. 

PROBLEM IIL 

When stocks, bonds, drafts, or currency, are purchased 
at a discount of 2%y the cost of $100 worth wiU be $98; 
that is, rf^ of the face of the bond, etc. ; but when they 
are purchased at a premium of 2^, the cost of $100 worth 
is $102 ; that is, ^ of the face. 

PROBLEM IV. 

In the exchange of currency, when there is a premium 
on the funds on hand, as that of English money to be 
exchanged into United States, the premium in fayor of 
England is about 9^; it is computed as follows: 

Eng. £ X 4j/i X ifj = $ U. S., 
and $ TJ.^S. x A x ifj^ = £ Eng. 

that is, England gets $109 for every $100 of her money, 

and the United States must pay $109 of her money for 

$100 English money. 

Rem. — ^This is according to the old excliange value. Now, 
however, the exchange value of £1 is fixed at $4.86. 

EXAMPLES. 

1. A broker sold goods to the amount of $6000, at 2^ 
commission, and invested the balance of the proceeds, 
after deducting 2% on the amount of purchase ; what 
was the owner's portion of the sale, and what amount of 
goods were purchased ? 
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$6000 X -Aftr = ^5880 = owner's portion of the sale. 
$5880 x|M = 15764. 70|^ = amt. of goods purchased. 

.-. 6000x^xMI = 6000xtt 

51 

= $5764|f> amt. of goods purchased. 

Hem. — Observe the difference in the ratios of the sale and 
purchase. 

2. What is the cost of a bond for $5000 at 6% discount, 
stocks whose face indicate $2000 at ^% premium, $1000 
currency at 2^ discount, and $3000 gold at 8^ premium ? 

$5000 X ^ = $4750 

2000 X iM =' 3080 

1000 X ^ = 980 

3000 X IM = 3240 

$11050 

OoE. — When brokerage is paid in the exchange of 
money, the percentage is on the amt. purchased, which, 
if the rate is 2%, is \^ of the funds on hand. 

3. If a broker makes sales to the amount of $500, on 
which he receives 3^, what is his commission ? 

$5^00 X i:fe: = $15. 

2. What is the cost of a draft for $1000 at a premium 
ofi^? 

3. What is the face of a draft at \% premium, costing 
$1005 ? 
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4. A broker makes sales for 14325, at 2^; what is the 
brokerage, and what does the owner realize ? 

43.25 X ^t^ = $86.50, commission. 
43.25 X ^^ = $4238.50, owner realized. 

5. A merchant sells to a broker $3275 uncurrent funds 
at b% discount; what does he realize? 

163.75 X 19 
*UU X ^ = $3136.25. 

6. An architect charges 1\% for plans and specifica- 
tions, and 2^% for superintending a building, the cost of 
which is $10000 ; wha^is the architect's fees ? Ans. $400. 

7. A broker has 2^ commission, and d% for guarantee- 
ing payment ; what does he receive on sales amounting 
to $42325 ? Arts. $2116.25. 

8. I sent my broker $4000 to purchase goods; what 
amount of goods did he purchase after deducting com- 
missions at %% on the amount of goods ? $4000 x \^i. 

For every $102 he gets $100 worth of goods. 

9. Bought a draft on New York, the face of it $500 
premium, ^% ; what is the whole cost and the premium ? 

500.00 



Premium, $1.25 

10. Sold goods to the amount of $4444, and invested 
the proceeds, after retaining my commissions, wbich 
were 2% on the sales, and 1% on the investment ; what 
was the amt. of investment ? 

%mA X ^ X Mi = ^^312. 
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11. A man purchased of a broker 1000 dollars in gold, 
on which he pays a premium of lb%. How much cur- 
rency does he invest ? 

JIOOO X IH = $1 150 in currency. 

12. A merchant sells to a broker $3275 uncurrent 
funds at 5^ discount. What does he realize ? 

666 19 

Um X -^ = nuu^-UL = $3136.25. 

13. My agent made a compromise with a debtor owing 
$3264, at 60^, and his fee was b%. What did I receive ? 

b% on 60 r= 3^; .-. 3264 X -^V = 

14. Paid $116.40 commission on the sales of goods, 
at 1^%. What was the amount of sales ? and also the 
net proceeds ? 

116.40 X ~ = 116.40 X ^ = 38.80 x 200. 

15. A tax collector receives $2430 for his collections, 
at 'il^%. What is the amount of taxes collected ? 

$2430 X -,^ = ^ X 2430 = 270 x 400. 

16. I sent my broker $5000 to purchase goods, his 
charge was 2% on the amount of goods. What amount 
did he buy ? 

For $102 he bought $100 goods ; .-. 5000 x IfS = 

17. Goods sold on commission at 2^^, the consignee 
received $3755.40. What was the amount of sales? 
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Aj^alysis. ?^ = IJ^ = I^ = 3755.40. 

f^ = 1 = 3755.40 X i*. 
The ratio is 3755.40 x — = -BJ = fj^. 
Cancel and compute. 

18. A broker sells 50 tons of hay, proceeds *862.944, 
brokerage 1^%^ how much per ton did the owner 
realize? Ans, $17. 

19. Sold flour at 2^^ commission, invested J of the 
amount of sales in sugar at 1\% commission ; the balance, 
after deducting commissions, was $430. What was the 
flour sold for, and how much was invested in sugar ? 

The commission on sugar = -J x } = 1%> 
The whole commission on sugar and flour = Z^%, 

^- = 1 = 430 X W = 500. 

3 J^ on the whole is 14^ on J ; the balance is $500, 
which is i the sales of flour ; therefore, flour sold for 
$2000 and $1500 invested in sugar. 

20. Sold goods at 4^ commission, and invested the 
proceeds, except my commissions, in other goods at 4^ 
commission. My commissions were $200 ; what was the 
amount of sales and also of the investment ? 

^ X ^ = 1^ invested ; i^ = commission. 

T* T = T^ = 200. 
\\ = 2600, amount of sales. 
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21. Sold goods and invested the proceeds, retaining the 
commissions, which were ^% on the sales and 2% on the 
investment. The amount invested was $8000 ; what was 
the amount of sales and of the commissions ? 

rf« X M = WV = tf = i4> investment. 

600 

^000 X H = 8500, sales. 

600, commissions. 

Or, 8000 X ttt X W = 8000 X H = 8500. 

STOCKS, BONDS, Em 

EXAMPLES. 

1. What is the cost of 8 shares stock, $100 per share, 
at 5 per cent premium ? 

$800 X iU = $840. 

2. What will 12 shares stock ($50) cost, at 15^ dis- 
count ? and what is the discount ? 

Ans. $510 cost, $90 discount. 

3. Bought $200 gold at ^% premium. What is the 
cost and premium ? Ans. $201 cost, $1 premium. 

4. Bought a draft on New York for $600, premium J^. 
What is the cost and premium ? 

Ans. $1J premium, $501J cost. 

5. Sold $760 uncurrent funds, at b% discount. What 
was the amount of sale, and the discount ? 

Ans. $712^ sale, 37i^ discount. 

6. Bought 50 shares RE. stock ($50) at 64^, and sold 
them at 69^. What did I gain ? 

$50 X 50 = $2600 X yI:^ = $125 gain. 
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7. Bought stock at 1055^, and sold it at 96^. What 
was lost on 60 shares ($50) ? Ans. $270. 

8. What is the difference in the cost of a draft on New 
York for $5000 at ^% premium, and one on New Orleans 
for the same sum at ^% discount ? Ans, 37^. 

9. Purchased per broker, 20 shares stock ($50) at lb% 
discount, brokerage \%, What was the cost ? 

IW0 X ^ X M = ^^ = $8641.. 

10. Bought 15 bonds (face $250) at 15^ discount, 
brokerage i% ; sold them at 10^ premium, brokerage j^%. 
What was the gain ? 

Bought 15 X 250 X T%- X ftt- 
Sold 15 X 250 X H* X Ui- 

Rem. — ^Brokerage has to be paid both on the purchase and said ; 
it wiU increase the cost, but diminish the sales. 

PROBLEMS. 

To fiijd the rate per cent of gain or loss. 

The ratio of the gain or loss reduced to hundredths, 
either as a common fraction or a decimal fraction, the 
number of hundredths will be the rate per cent. 

EXAM PLES. 

1. Paid $2525 for a draft on New York for $2500. 
What percentage was the premium ? 

2525 

2500 

25 

= rate of premium = -j-^, or 1%. 



2500 
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2. Bonds (face $2500) cost $2550, brokerage $3rj» 
What was the percentage of premium ? 

2550 

2512i 
2500 

^, rate of premium = j*^, or \%y Am. 

3. Bonds (face $5000) cost $4275, brokerage $25. 
What per cent was the discount ? 

4275 5000 . 

25 4250 

4250 750 , .,. , 

^^TTTj, rate of discount = 

^,orl5^. Arts. 

4. Eeceived $5.40 for a note of $6 ; what per cent was 
the discount P 

6.00 
5.40 

•^^ = T^ = 10%. 



6.00 



5. Bought gold at 5^ premium, the premium alone 
was $15 ; how much gold was bought ? 

6. Sold bonds at 15^ discount, and received $210 less 
than the face ? What was the face value ? 

tWr = 210; H* = 210 X W = «1400. 
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7. Bought bonds at 60^, sold them at 80^ ; brokerage 
in the purchase and sale 1^% \ the gain was $179. What 
was the face of the bonds ? 

1^% of 60^ = I- X I = -^%. 
life oiSOfo = ixi = Wo. 

Wo = 2^- 

2^% is paid for brokerage, the gain is 

i^i =z 1 =z m X J^^ = $1000, Ans. 

8. What is the face of a draft costing $3193.19, bought 
at a premium of 1^% ? 

$3193.19 X m = $3146. 

9. Bought a draft on New Orleans at 1 per cent dis- 
count for $990 ; what was the face of the draft ? 

Ans. $1000. 

10. Invested $6750 in stocks at 25% discount. What 
was the par value of the stocks ? Ans. $9000. 

11. Invested $6260 in stocks at 60^, and brokerage 2^%^ 
What is the par value of the stocks ? A^iSy $10000. 

12. How much gold at 6^% premium, can be bought 
for $2268.25 ? Ans. $2i50. 

13. Bought goods at 80 cts. per yard, and sold a< BO cts- 
per yard. What per cent did I gain ? 
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14. Bought goods at 80 cts., and sold at 70. What 
per cent did I lose ? 

H = ^^ = 12i^- 

15. Bought goods for $1 and sold for $4. What per 
cent did I gain ? 

16. Bought goods for $4 and sold for $3. What per 
cent did I lose ? 

17. Bought goods for $5 and sold for $2. What per 
cent did 1 lose ? 

I = iWr = 60^. 

18. Bought for $1 and sold for 75 cts. What per 
cent did I lose ? 

1^ = 25^. 

m 

19. Bought goods for $160 and sold for $180. What 
per cent did I gain ? 

AV = A = ifiAr = ^ = m%^ 



INSURANCE. 

Insurance of property is a guarantee of a certain 
sum of money in case the property is lost by fire or any 
casualty. 

The contract for insurance is termed a Policy ^ and 
the sum paid annually is the Premium. 
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The Fremium is a certain percentage on the 
amount of risk. ^ 

There are different modes of insurance, but all are 
dependent on the principle of percentage. 

EXAMPLES. 

1. What is the premium on property on which a risk 
of $6000 is taken, at ^% for one year ? 

$6000 X ji^ = y}^ = $30.00. 

2. What is the premium on a risk of $5000, on which 
a premium note is given for b% of the risk, and the 
interest on the note is 4^ ? 

Note = 6000 X tIt = $^50. 
Interest on note = 250 x yfj^ = $10 = Premium. 

If the policy cost $1.00, the expense for the first year 
is $11.00. 

Bbm. — Sometimes the premium is made to cover both property 
and premium, in which case the risk is equal to the sum of the 
value on property and the premium. 

3. What amount must I have insured at \% premium, 
when the risk on the property is $9950 ? 

As the premium is ^% 

The property must be 99^^ 

As the whole is 100^. 

^ = iM = Properi:y. 
^,i = 9950. 

\%l- = the whole risk = 10000. 
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INTEREST. 

Interest is an allowance for the us6 of money. It is 
reckoned by percentage; thus, 5^, Q%, etc., meaning for 
a year, when not otherwise expressed; for any other 
time it is as the ratio of the time ; thus, the interest of 
1100 at 6^ is $6 for a year, for two years $12, and for 
six months $3, 

PROBLEMS. 

1. Find the interest of $150, at 6^, for 1 year. 

$150 X T*ir = OQ. 
For 8 months. 

$1.50 X xt^ X A = 1-50 X x4h = $6.00. 

For 6 months. 

8 

$1.50 X xt^ X A = ♦^•SO. 
For 14 months. 

$1.50 X xt^ X il = 1.50 X T^ = $10.50. 

Cor. — ^At 6^, the rate per cent, for any number of 
months is ^ the number of months; thus, for 8 months 
it is 4^, for 6 months it is 3^, and for 14 months 1%, 

2. Find the interest of $150, at 6^, for 129 days ? 
$150 X T*Tr X tt* = 1150 X Hh = $3,225. 

60 

Cob. — The interest of a sum of money for any number 
of days is equal to the product of the sum of money and 
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the number of days divided by 6000; or, if the number 
of dollars be multiplied by the number of days and this 
product divided by 6, the quotient is the interest in 
mills ; point off three decimals and it is reduced to dol- 
lars; cents, and mills. 

K the rate of interest is 1%y add \ ; if 8^, add ^ ; if 9^, 
add i; if 5^, deduct |; if 4^, deduct ^ ; if 3^, take ^. 

The rate for 200 months is 100^ ; that is, the interest 
is equal to the principal. 

200 months of $100 is $100. 

20 months of $100 is $10. 

2 months of $100 is $1. 
80 days, or 1 month $0.50. 

3 days of $100 is $.05. 

1 day of $100 is $.01f . 

2 days of $100 is $.03^. 

EXAMPLES. 

1. Find the interest of $625, at 6^, for 8 months. 
Eate .for 8 mo. is -j^. 

$6.25 X t4h = $25.00. 
For 8 mo. and 20 days, 8f mo., rate A\%, 

$625 X ^ = Vm x^ = $27.08^. 

s 

If months and days are computed separately. 

$625 X T*Tr = *35.00 
1625 X Tk = 2-08i 

$27. 08^ 
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2. Find the interest of $625 at 6^ for 8 months. 
Eate for 8 mo. is -j^ or 4^. 

625 X T^ir = *^5.00. 
For 8 mo. and 20 days = 8|, i of 8f = 4J. 

/. 625 X ^ = 625 X ^ = $27,081. 

If months and days are computed separately, 

625 X T^ = $25.00. 

625 X ^ik X ir^TF = ^'^^ 

$27.08J 

3. What is the interest of $845 at Q% for 1 year 6 
months and 24 days? 

18i mo. Per cent = ^ Ai = ^. 

169 

••• ^^^ X 1,^ = $79.43. 

100 

Or reduce to days 1 year = 360- 
Eeduce to days ^ year = 180 

24 

564 

47 

.*. 845 X "^^ = 845 X -gW = same as above. 

600 

4. What is the interest of $845 at 7^ for 1 year 6 
months and 24 days ? 

At %% = 79.43 At 6% = $79.43 

Add i = 26.47f Add ^ = 13.25^ 

At S% = 105.901 At 7^ = $92.68J 
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At 6^ = 79.43 At ^% = $79.43 

Deduct I = 13.25j^ Deduct \ = 26.47| 

At 5% = 66.1 7i At 4:% = $52.95^ 

5. What is the interest of $648 at 6% for 3 years 5 
months and 18 days? 

3 years = 1080 days, 
5 months = 150 days. 

18 days. 

1248 days. 
$648 X iM = *134,784 

1000 

Rem. — ^When the denominator is a divisor and is reduced to 10, 
100, 1000, etc., it is best not to cancel farther, as it is so oonyenient 
in use. 

6. What is the interest of $540 from Oct. lOih, 1872, 
to Aug. 9th, 1875, at 6^? 

2 years = 720 days. yrs. mos. days. 

9 months = 270 days. 1875 8 9 

29 days. 1872 10 10 

1019 2 9 29 

♦«^0 X WA = *91.71 

100 

7. What is the interest of $741 at 7^ for 1 year 8 
months and 20 days? 20 months and 20 days at Q%f 

1 year = 360 days. 
S months = 240 days. 

20 days. 

620 daya 
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847 SI 

100 

$742 for 20 months = 74.10. Divide by 30 for da. 

$742 for 20 days = ^ -^^i . 

% = 76.67i Add f 



79.45f 

8. What is the interest of $541.64 for 2 years 6 
months and 15 days at 7^. 

2 years = 720 days. 
6 months = 180 days. 

15 days. 

915 days. 

tmll X m = ^'"'ihV^ = Int. at 6^. 
1000 Addf 

9. What is the interest of $640.74 from April 12th, 
1864, to Feb. 22d, 1871, at 9^? 

yr. mo. da. 6 years = 2160 days. 

1871 2 22 10 months = 300 days. 

18 64 4 12 10 days. 

6 10 10 2470 days. 

$640.74 X Ml = $263.7713 = Int at 6^. 

100 

To ^hich add i = 131.8856 
Interest at 9^ = $395.6569 
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10, A note was given Apr. 
1st, 1872, for $6000, bearing 
interest from date at %%. On 
the back of the note were the 
following credits: May 1st, 
1873, $1000 ; June 1st, 1874, 
11000 ; July 1st, 1875, $2000. 
What sum was still due 
August 1st, 1877 ? 

Rem. — ^When there are partial 
payments on a note, and whenever 
the payment is greater than the 
interest, it is computed until the 
time of the payment and added 
to the principal, from which the 
payment is deducted, and the 
balance is then reg£:rded as the 
principal of the note. 

When the payment is less 
than the interest, the interest 
must be computed, until all 
the payments are greater than 
the interest, and then add 
interest and principal, and 
from their sum deduct the 
sum of all the payments, and 
the balance is then regarded 
as the principal of the note. 



Due August 1st, 1877 . 



6000 

30.00 
360.00 

6390 
1000 

6390, Prin. 

26.95 
323.40 

350.35 
5390 

5740.35 
1000 

4740.35, Prin. 

^ 

2370.175 
28442.1 

308.12275 
4740.3 5 

5048.47275 
2000 

3048.47275, Prin. 
■1 2i 

15.24231375 
365.8167300 

381.06 
3048.4 7 

$3429.53 
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$5640.50. April 1st, 1870. 

11. Six months after date I promise to pay to John 
Jobnson or order, five thousand six hundred and forty 
■{^^ dollars, value received. P. PAYSOif. 

This note is credited as follows : 

1870 Oct. 1st, forty ^ dollars. 

1871 Oct. 1st, one hundred dollars. 

1872 Oct 1st, two hundred dollars. 

1873 Oct. 1st, one thousand dollars. 

What sum is due Oct. 1st, 1875 ? 
The first payment is made when there is no interest. 
As the other payments do not equal the interest until 
Oct. 1st, 1873, the interest is computed until that time. 
The note is due Oct. 1st, 1870, when there is a pay- 
ment which must be deducted. 

Interest to Oct. 1st, 1873, 3 years, 6600 x ■^. 
Oct. 1st, 1873, sum of payments. 
• Interest to Oct 1st, 1875, 15308 x 4h^ 

$5640.50 
40.50 

5600 Principal 
1008 

6608 Amt 1st Oct, 1873. 
1300 

5308 Prin. 1st Oct, 1873. 
639.96 



Amt due Oct 1st, 1875 = 15947.96 

Rem. — When interest is not inserted in the note it takes the 
legal rate, which is generally 6%. In all places the years and 
months are computed alike, but in New York and several other 
States, the days are in their ratio to 365 instead of 360. 
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Rem. — In the compntation of interest we find the interest equal 
to the product of the principal, rate per cent, and time. By using 
the initial letters for these, we get convenient formulas ; thus, 

Let P = principal, r = rate per cent, t = time, and 
/ = interest; we have the equation 

(1.) P xr xt = L 

Divide both members by r x ^, 
(2.) p = -L. 

Principal equal to interest diyided by the product of 
rate and time. 

(3.) r = 



P X t 

Eate equal to interest divided by the product of prin- 
cipal and time, 

/ 



(4.) t = 



P XT 



Time equal to interest divided by the product of prin- 
cipal and rate. 

ENUNCIATION OF THE FORMULAS. 

1. The interest of a sum of money is equal to the sum, 
called principal, multiplied by the rate and the time. 

2. The principal is equal to the interest divided by the 
product of the rate and the time. 

3. The rate is equal to the interest divided by the pro- 
duct of the principal and the time, and then reduced to 
hundredths. 
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4. The time is equal to the interest divided by the 
product of the principal and the rate. 

The four formulas enable us to determine any one of 
the four quantities when the other three are known. 

PROBLEMS. 

1st Formula. — The principal is $750, the rate 6^ 
time 8 months. What is the interest ? 

4 

/ = $750 X tJtt X ^^ = 130.00 = Interest, 

2d Formula.— The interest is 130, the rate 6^, and 
the time 8 months. What is the principal ? 

P = _i^^^= -^^ ^ 30 xi^JL = 1750, Principal. 

3d Formula. — ^The interest is $30, the principal 1750, 
and the time 8 months. What is the rate ? 

$30 
^ = 750 X A = WV = T*7F = 6^, Bate. 

4th Formula. 

^ = 75rsrdhr = ** = « = *''^^ 

EXAMPLES. 

1. Compute the interest on $5464.50, at 5^^, for 1 year 
9 months and 18 days. Ans. $491,805. 

V 2. Compute the interest on $5464.50, at 8^, for 1 year 
9 months and 18 days. Ans. $786,888. 
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3. Compute the interest on $5464.50, at 10^, for 
1 year 9 months and 18 days ? 

4. The interest- is $630, the rate 6J^, and the time 
18 months. What is the principal ? Ans. $7000. 

5. The interest is $540, the rate 9%, and the time 
24 months. What is the principal ? Ans. $3000. 

6. The interest is $600, the rate 5%, and the time 
30 months. What is the principal ? 

7. The interest is $300, the principal $2400, and 
the time 30 months. What is the rate ? Ans. b/o. 

8. The interest is $560, the principal $3000, and the 
time 32 months. What is the rate ? Ans. 1%. 

9. The interest is $140, the principal $1500, and the 
time 16 months. What is the rate ? 

10. The interest is $270, the principal $3000, and 
the rate Q%. What is the time? Ans, 1|^ years. 

11. The interest is $360, the principal $2400, and the 
rate 8^. What is the time? Ans. 22^ months. 

12. The interest is iQQ, the principal $500, and the 
rate Q%. What is the time ? 

13. The principal is $440, the interest $88, and the time 
4 years. What is the rate ? Ans. 5%. 

14. The principal is $650, the interest $78, and the 
rate 6%. What is the time ? Ans. 2 years. 

15. The interest is $48, the rate 4^, and the time 
3 years. What is the principal? Ans. $400. 

16. In what time will any snm of money double itself 
at 6% simple interest ? 

IP 1 

t = D — = D — = i = -7r- = lxH^ = l^ years. 

Rem. — When the principal is doubled, the interest is equal to 
ihe principal ; that is, 7 = P. 
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BANKING. 

Bank Discount is reckoned on the face of the note 
the same as interest. 

It is called discount, as the interest for the time the 
note is given and three days grace is deducted from the 
face of the note, and the horrower receives the diflPerence. 
A note in hank is not considered due until three days 
after the time specified. 

The hank discount on a rate for 

6 

1100 at 60 days = 100 x Vb x ^ = 14 = $1.05. 

Proceeds 1100 — $1.05 = $98.95. 
1100 at 90 days = 100Xxl^XT^ = ii = $1.65. 

Proceeds $100 — $1.55 = $98.45. 

$500 at 90 days = «500XT*TrX^ = ii = $7.75, 

Proceeds $500 — $7.75 = $492.25. 

168 

$324 at 90 days = $U x ^tHt = 'stk = $5-022. 

1000 

Produce $324 — $5.02 = $318.98. 

A bank account is closed at the end of the year, and 
the next year is begun by bringing forward the balance 
which belongs to the credit side of account, as overdraw* 
ing is not permitted. 

To this balance each deposit is added at the date on 
which it is made, and from the sum on the credit side is 
subtracted each sum drawn by check at its date. 
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Each sum or balance is multiplied by the number of 
days from its date until the next transaction ; lastly, the 
difference at the last transaction by the time until the 
end of the year. 

The sum of all these products will be the number of 
days that one dollar is at interest 

The last sum or difference on the credit side will be 
the principal. 

Db. James Eenitedy in aoct. with Merchants' Bake:. Cb. 



1877. 








1876. 






DA. FBO. 


Jan. 6. 


To check. 


1200 


Dec 31. 


By bal. old acct. 


1600 


6 


3G00 


" 15. 


(( 


It 


100 


Jan. 10. 


By cash $300. 


400 


4 


1600 


" 18. 


t€ 


€t 


200 


Jan. 25. 


By cash |750. 


700 


5 


8500 


" 29. 


tt 


U 


850 




Balance items. 


600 

400 

1150 

800 


3 
7 
4 
2 


1800 
2800 
4600 
1600 



Bal. interest. 
Total baL 



8.25 6)19^00 



$803.25 Int. 3.25 



This account is only read for one month, a repetition 
would bring it to the end of the year, when the last balance 
on credit side is the balance in bank at the end of the 
year, and the deposits with their dates; the debit side 
shows the *sums drawn and their dates, the column of 
products gives the number of days that one dollar is on 
interest. 

Rem. — If a creditor were permitted to overdraw, interest on the 
balance would be computed on the debit side, and the diiference 
between the two columns of products would belong to the side 
having the greater sum. 
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Balance the following account:- 



Db. 


E. 


F. Benton in account with L B. Sands. 




Cb. 


1878. 










1877. 










Jan. 10. 


To check. 


$105 






Dec. 81. 


By bal. old acct. 


$185 


10 


1850 


Jan. 15. 


It It 


SOO 










80 


5 


400 


Jan. 81. 




lao 


10 


1200 


Jan. 25. 


B7ca8h$800. 
Total balance 


180 
.35 


6 


lOSO 
3830 




$180.35 


1200 



6 ) 2.130 
Int. .35 



TRUE DISCOUNT 



is the abatement on notes not yet due, or the difference 
between the sum of money at a certain rate, whose amount 
will be equal to the face of the note when due. Thus, a 
note for $100 due in one year without interest when 
money is worth 6^, is such a sum as will amount to $100 
in one year. 

As 1100 now is worth $106 at the end of the year, the 
present worth of money due in one year is -J^ of the 
money due in one year. 

1112 at the end of two years is worth $100 now. 
$118 at the end of three years is worth $100 now, etc. 

CoR. — The ratio for discounting is a diminishing ratio 
having 100 for the numerator, and the denominator is 
100 increased by the interest for the time and rate. 



EXAMPLES. 



1. What is the present worth of a note due in 1 year 
for $324, money worth %% ? 

324 X H* = $305.66 + 
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2. What is the present worth of a note due in 2i|^ years 
for $675 at b% ? Ans. $600. 

3. What is the present worth of a note due in 4 years 
for $960 at b% ? Ans. $600. 

4. What is the present worth of a note due in 15 
months for $445 at 9^? Am. $400. 

5. What is the present worth of a note due in 9 
months for $721 at ^% ? Ans. $700. 

6. What is the present worth of a note due in 13 
months for $678 at 12^ ? Ans. $600. 



EXCHANGE. 

JSxchange is the system by which payments are 
made at a distant place by means of Bills of Exchange 
or Drafts, 

In a Bill of Exchange or draft, the person giving it or 
signing it is called the Drawer or Maker; the one 
to whom it is addressed is the Drawee^ and the person 
to whom it is ordered to be paid is the Payee* 

The person in possession of the draft is the 
Holder^ and if he sells it he must endorse it, which 
makes him responsible for the payment, unless otherwise 
specified. 

Exchange between the different cities of our own 
country is Domestic^ and that with a foreign country 
is called Foreign JEkcchange. 

Exchange may be direct or circuitous ; the latter is 
sometimes found to be advantageous. 
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DOMESTIC EXCHANGE. 

PROBLEM. 

To find the cost of a draft on Philadelphia or New 
York, or any distant city, when at a premium and when 
at a discount; thus, if the premium is 1%, the draft 
will cost \^ of its face, which is the sum to be piEiid ; 
when at a discount of 1%, it will cost -^ of its fiace. 

EXAMPLES. 

1. What is the cost of a draft on Philadelphia for 
13024, at ^% premium ? 

1S.12 X^iSX 

W^^ X ^ = M* = I3039.12. 

2. What is the cost of a draft on New Orleans for 
$5000, at ^% discount ? 

^% of 15000 = $25. 
$5000 — 25 = $4975. 

3. What will this draft cost if drawn at thirty days, 
interest at 6^ ? 3 days grace must be allowed. 

H = tt + i = fi = rate per cent; 
5000 X li = $52.50. 

The interest and discount must be reckoned on the 
face. 

$5000 — $52.50 = $4947.50. 

4 My agent had in his possession $3288.60, which I 
directed him to remit; the draft received was $3240; 
what was the rate of exchange ? 



. » \ 
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3288.60 
3240.00 

$48.60 = paid for a draft of $3240. 

The rate is 3^^^, reduce by 32.4 = ^^ = 1^%^ the 
result will be the same if reduced to a decimal ; thus^ 

^ = 100 ) 1.5000 ( .015 

Rem. — The ratio of the face of the draft and the premium paid 
on it, reduced to a fraction whose denominator is 100, will be the 
rate per cent of the draft ; the same result is obtained by reducing 
the fraction to a decimal. The premium is the numerator, and the 
amount on the face of the draft the denominator of the fraction. 

6. What is the cost of a 60 day draft on New York 
for $5480,, at ^% premium, interest off at 6^? 

Discount = iifo = ii%. 
Premium = |^ = j^%. 

Discount above premium = i^%. 

1% of $5480 = 5480. 

ifo of $5480 = 27.40 $5480.00 
^f^% of $5480 = 2.74 30^ 

Discount = $30.14 $5449.86, Cost. 

6. What is the face of a draft which cost $1007.50, at 
1% premium ? 

7. What is the face of a draft that cost $992.50, at 
i% discount ? 

8. What is the face of a draft on which $5 premium is 
paid, and the rate 1% ? ^^ = $5 ; 

1^ = $500, Ans. 
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FOEEIGN EXCHANGE. 

EXAMPLES. 

1. What is the cost in New York of a draft on Lon- 
don for £546 15s. Gd., at 8^ premium ? 

12 )_^ 15s. 6d. 

20 ) 15.5 12 

.775 ^j = j^ = .775. 

8 
fO».SSS 8 IIT 

£$AUUx^X^m. = 109.355x8x3 = $2624.52, 

546|| = n^ X ^ X tM = $^624.52. 

2. What amount of debt in London may be paid by 
depositing $5000 in New York, rate of exchange 8^ in 
favor of London ? 

0000 xA:Xi|l = 1^5x¥ = £1041 13s. 4d. 

lis; 
3 

3. What is the cost of a draft on London for £546.775 
in New York, exchange 14.88 to the £ ? 

546.775 X 4.88 = $2668.262. 

4. What will a draft on London for £1041 13s. 4d. 
cost in New York, exchange $4.80 to the £? 
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13s. 4d. 

12 



240 ) 160 _ 
240 "" *' 

£1041| X 4.80 = $5000. 

5. What is the value in Paris of $5000 in New York, 
exchange $4.85 = £1, and £1 = 25.20 francs ? 

1000 

X 25.20 == ^J^^f^. 



•07 



6. What snm in New York will pay 25979fJ francs in 
Paris, exchange as in 5th ? 

2597911 X m^. 

7. What is the value in Hamburg of $5000 in New 
York, when $4.80 = £1, £1 = 26.20 francs, and 1.80 
francs = 1 mark banco ? 

1 

125 11^ B 

$S^000 X W X il = ^^^V""^ = 14583^ mark banco. 

8 

8. What sum in New York will pay 14583^ mark 
banco in Hamburg, exchange as above? 

14583^ X H X ij^ = $5000. . 

9. What debt in St. Petersburg will $5000 in New 
York pay, when $4.80 = £1 in London, £1 = 25.20f.in 
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Paris, 4f. = 1 thaler in Dantzic, and 1 thaler = 2.60 
roubles ? 

1 S ft 21 1 H 

IS^000 X l\\ X i X ^ = ^gg^^^^s = 17062^ roubles. 

These problems may be solved by compound equations 
aud ratios. 

10. What sum in New York will pay 17062^ roubles 
in St. Petersburg, exchange as above ? 

8 

17062.5 X i^ X ^^ X ^ = 

21 

Hem. — This circuitous system of Foreign Exchange has led us 
into tlie same thing in our own country when it is found to be 
advantageous ; thus, 

11. A merchant in St. Louis has a bill of $5000 to pay 
in New York; in St. Louis a draft on New York 
costs 1]^% premium, whilst New Orleans funds can be 
bought at ^% premium, and at New Orleans Havana 
funds are ^% discount; and at Havana, New York funds 
are at a discount of 1^%, What sum in St. Louis will 
pay the bill by the direct and by the circuitous 
method ? 

Direct, $400 x ^ x |M = J5075. 

And $0000 x M x 4M X M = $4974.22H. 

16 
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12. What is $4974.22U in St Louis worth in New 
York by the circuitous method ? 

4974.22H X in X W X t«i = 15000. 

I have not given a table of foreign values, as they are 
not permanent The principle is the same in all cases. 

Hem. 1. — In the ratios, see that the decimals in the numerator 
and denominator are equal, and then they are like quantities and 
can be used as such. 

Hrbi. 2. — ^When any thing is purchased at a premium, the ratio 
of the cost is increasing ; as, at 3% premium, the ratio is \%^ ; if 
purchased at a discount the ratio of the cost is diminishing ; as, at 
3% discount, the ratio is ^^f^; hence, if I purchase a draft for $100 
at 3% premium, the cost is $100 x \^ = $103 ; and if I purchase 
a draft for $100 at 3^ discount, the cost is $100 x ^^ = $97. 

Cob. 1. — The cost of a draft, when at a premium, is 
its face multiplied by an increasing ratio whose denom- 
inator is 100 and numerator 100 increased by the 
premium. 

Cob. 2. — When there is a discount, the cost of a draft 
is its face multipUed by a diminishing ratio whose 
denominator is 100 and numerator 100 diminished by 
the discount. 

Rem. — Beckoning by the old par value, £1 is equal ^ dollars, 
and $1 equal £^»,y. The par value of £1 is now fixed by Act of 
Congress at $4.8665. 



Alligatiojt. 



Alligation is the mixing of different qualities of 
grain, groceries, liquors, etc., in order to get an article 
of a certain price ; thus, sugar at 5 cts. and 9 cts. per lb. 
may be mixed together in such proportions as to make 
an article of any value between the two given prices. 

Cob. — The mixture cannot be made of less value than 
6 cts. nor more than 9 cts. ; for if a quantity be taken at 
5 cts., and some of 9 cts. be added, it will increase the 
value above 5 cts. ; and if 5 ct. sugar be added to the 
9 ct., it will diminish the value. 

Rem. — If both kinds are either above or below the required 
price, the mixture cannot be made 



PROBLEM. 



1. What relative quantity of each must be taken of 
two kinds of sugar, the one worth 5 cts. per lb., and the 
other 11 cts., in order that the mixture be worth 7 cts, 
per lb. ? 



i 



5 


i 


2 — 10 


11 


i 


1 = 11 

3 -f- 21 

7 cts. 
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Exemplification. — For every lb. at 5 cts. there is a 
gain of 2 cts., and for ^ lb. a gain of 1 ct. ; for every lb. 
at 11 cts. there is a loss of 4 cts., and of J lb. the loss is 
1 ct. ; hence, if \ lb. at 5 cts. be taken, and ^ lb. at 11 cts., 
the gain and loss will be equal ; this is then the ratio ; 
or, reducing the fractions to a common denominator and 
canceling the denominators, the ratio is 2 at 5 to 1 at 11. 

Rem. — It HUitters not how many different qualities are to be 
mixed, only two at a time can be mixed ; /. the principle developed 
in the above problem is the only principle in alligation. 

2. Mix together coffee worth 17 cts., 19 cts., 21 cts., 
and 24 cts., so that the mixture shall be worth 20 cts* 



20 



I 



2111 



20 



{ 



17 
24 



i 



1 


-17 


3 


= 63 


4 


- 80 


1 


-20 


4 


= 68 


3 


= 72 


7 


— 140 


1 


= 20 



20 



i 



19 
24 



1 
i 



4 
1^ 

5 
1 



76 
24 

100 
20 



20 



I 



19 1 


- 19 


21 1 


= 21 


2 


= 40 


1 


= 20 



It is evident that 17 and 19 cannot make a mixture 
worth as much as 20 cents; it is also evident that 21 
and 24 cannot make a mixture worth as little as 20 cts. ; 
but 17 and 21, 19 and 24, 17 and 24, and 19 and 21 may 
be mixed so as to be worth 20 cts. 

By the first is taken 1 at 17 to 3 at 21 ; and 4 at 19 to 
1 at 24 ; again, 4 at 17 to 3 at 24; and 1 at 19 to 1 at 21. 

All the mixtures being of the same value, may be put 
together, and the whole will be worth 20 cts. ; thus. 
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17 


1 + 4 = 5a; = 85 


21 


3 + 1 = 4a; = 84 


19 


4 + 1 — 5a; — 95 


24 


1 + 3 = 4a; = 96 




18 = 360 




1 = 20 



The result is the same ; that is^ the whole mixture is 
worth 20 ets. 

Take the same articles to form a mixture^ and place 
them together thus : 



20 



20 



17- 
19- 
21- 
24- 

17- 
19- 
21- 
24- 



i 


1 


1 


4 


1 


3 


i 


1 


i 


4 


1 


1 


1 


1 


i 


3 



The same as before. 



The same. 



CoR, — The same relative portions of each is obtained 
by taking the difference between each price and the 
mean price, and placing this difference opposite the price 
to which each one is connected. Solve the next one 
according to this corollary. 

3. A vintner has four qualities of wine, viz., at $1.30, 
$1.50, $1.75, and $1.95 per gallon ; he has an order for 
wine at $1.60 ; what relative quantity of each must be 
put into the mixture ? 



160 
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15, 


ISO- 


: 15 




f 130+ 


in 


15 


ISO-: 


; 35 


160 


\ ISO- 


iV 


35 


175- ••:• 


: 30 


ITS + 


T»J 


30 


195-: 


10 


1 


[ 19S— 


Vr 


10 



The results are the same ; but observe that the frac- 
tion must not be reduced to the least common denomi- 
nator, but only to their common denominator, the one 
multiplied by the other; of course, the mixtures would 
be of the same value, and each pair would have the 
same relative value, but the four would not correspond. 

Rem. — Observe that different results may be obtained by differ- 
ent methods, and all will be correct. 

Sometimes a merchant wishes to put the whole of a 
certain kind into the mixture ; in which case this article 
may be mixed with every kind that is on the opposite 
side of the mean. 

4. A merchant has five qualities of liquors, at the fol- 
lowing prices per gallon, viz., $1.25, $1.45, $1.60, $1.80, 
and $1,90, and he has an order for liquor at $1.50 per 
gallon. Of the liquor at $1.90 he has 40 gallons, all of 
which he wishes to put into the mixture; how much 
must be taken of each of the other kinds ? 



150 



f , 


-125 - 


•: 10 + 40 


60 X f = 80 = 100,00 




145-: 


': 30 


30 X f = 48 = 69.60 




160-: 


• 25 


25 X 1 = 40 = 64.00 




180- • 


5 


5xf- 8- 14.40 


< ' 190 


25 


26x|= 40- 76.00 
216 = 324.00 


25 


x« = 


i 


1 = 1.50 
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6. A grocer has spices at 18, 24, 36, and 42 cts. per lb., 
of which he wishes to make a mixture worth 32 cts. 



32 



18- 
24- 
36- 

42- 



10 
4 
8 

14 



OoR. 1. — Connect any two rates, one of which is less 
and the other greater than the mean. Take the differ- 
ence of each of these and the mean, and place the differ- 
ence opposite the price of the one with which it is 
connected. 

Cob. 2. — When there are odd terms, that is, when 
those above and below the mean price are not of equal 
numbers, the odd term will be connected with an oppo- 
site one that is already connected, and instead of having 
pnly one difference opposite to it, will have two or more ; 
these several numbers must be added together, and their 
sum will be the quantity to be taken of the price to 
which it stands opposite. 

6. How many pounds of each kind of tea, of the values 
of 30 cts., 35 cts., 40 cts., 52 cts., 55 cts., and 60 cts.> 
must be taken to make a mixture worth 45 cts. ? 



45 



30 
35 
40- 
52 
55 
60 



7 
10 
15 
15 
10 

5 



Rbmt. — The results will be correct, althougli the portions will 
be different by making other connections. 
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Involution and JEvolution correspond very near- 
ly to Multiplication and Division. Involution consists 
in the multiplication of the same number by itself, or of 
the same factor entering two or more times into a 
product ; whilst ETolution takes the product and restores 
the equal factors of which it is composed. 

Involution is called the raising of powers ; thus, 

2 X 3 = 4 is called the 2d power of 2. 
2x2x2 = 8 is called the 3d power of 2. 

3 X 3 = 9 is called the 2d power of 3. 
3 X 3 X 3 = 27 is called the 3d power of 3. 

Evolution, or the extracting of roots, is exactly the 
reverse of Involution. 

In order to extnict the second or square root, we take 
the second power and from it restore the factors ; thus, 
4 is the second power of 2 ; hence the square root of 4 is 
2; and the square root of 9 is 3 ; of 16 it is 4; of 25 it is 
5; of 36, 6; of 49, 7; of 64, 8, etc. 

The number given is a square surface, each side of 
which is a factor ; the sides of the square being equal, 
the factors are equal; thus. 
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D C 



B 



The figure ABCD is a square surface, 
3 inches in length and 3 inches in 
breadth ; the angles at A, B, C, and D 
are equal, that is, from each of these 
points the sides have the same diver- 
gence ; hence, if any one be placed on the 
other, the two will coincide. 

AB is 3 inches long, and for every inch in breadth 
there are 3 square inches, and since AD and BC are each 
3 inches, there will be 3 times 3 sq. in. = 9 sq. in. 

In the square root we have given the area of the square 
surface to find a side ; and as 3 x 3 = 9, we know that 9 
is composed of the two equal factors of 3. .'. 3 is the 
square root of 9. 



There are many numbers of which we cannot obtain 
an exact root, as we can only extract the root exactly of 
4, 9, 16, 25, 36, 49, 64, 81, 100, in 100 ; that is, 9 have 
exact roots and 91 have not. Of these we can approxi- 
mate decimally, or we can put them under the radical 

sign, thus, a/3, Vs, a/6, by which the root is expressed, 
and they are read, the square root of 3, or 5, or of 6, as 
the case may be. 

In larger numbers, it is more difficult to get the root ; 
thus, 11 X 11 = 121 ; 12 X 12 = 144; 13 x 13 = 169, etc. 
For the extraction of these roots a method will be given 
hereafter. Sometimes, however, the number is not a 
perfect square, and hence only an approximate root can 
be found. 
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EVOLUTION. 



2 


3 


4 


5 


6 


7 


8 


4 


9 


16 


25 


36 


49 


64 


9 


10 


11 


12 


13 


14 


15 


81 


100 


121 


144 


169 


196 


225 



The square of the highest digit has two places of 
figures, the square of the least one ; the square of the 
least number of tens is hundreds, and when the tens 
reach 4 it has four places of figures, never more. 

1 11 9 99 

J. Jl _9 _99 

1 121 81 9801 

An increase of one figure in the root makes an increase 
of two in the square, for the square of the least unit is a 
unit, and of the least units and tens is hundreds ; the 
square of the largest digit is tens, and the square of the 
largest tens is thousands. 

Therefore, if the square be pointed off in periods of 
two figures each, there will be as many periods as figures 
in the root. 

1^21 (10+1 10 X 10 = 100 

1 00 10 X 2 = 20 



21)21 


1x1= 1 


21 


121 


10 X 10 — 100 
10 X 4 — 40 


1,44 (10 + 2 
100 


2x2= 4 


22)44 


144 


44 
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a=10, then 12 = a + J = 



J= 2, 



12 a+b 



144 



ab 


b' 


a^ 


ab 



a^+ ab 
+ ab+V^ 

ai^2ab+b^{a+i 



a 



a 



B 



2a+b)2ab+l^ 
2ab + lf^ 



10 + 2 

10 + 2 
100+20 
2 0+4 

100+40+4(10+2 
100 

20 + 2)40 + 4 
40 + 4 



As in the multiplication the first term is multiplied 
into itself but once, so one of its equal factors multiplied 
by itself occupies the first square; the second number is 
twice multiplied into the first and once into itself; there- 
fore the divisor must be twice the first plus the second. 
This is observable in the two rectangles, each of which 
has a for its length and b for its breadth ; and one side 
of the little square (^) is b, and 2a + b make the full 
length of the rectangle, which together with the square 
{a^) make the whole of the large square {a-\-b)\ and ?ts 
breadth is ft, which is the term wanting in the root. 



ae 


le' 


c« 


ab 


b' 




a» 


ab 


9 



Let a + b + c 

a + b -\- c 



= 100 + 20 + 3 



a^+ ab+ac 

ab + V^+bc 

ac+bc+t? 

a8+2a5+J2+2ac+2S/2+/*(a+J+c 

^ 

2a+b) +2aft + ft2 

2ab-\-V^ 



2a+2b+c ) 2ac-\-2bc+(^ 
2ac-\-2bc+c^ 
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100+20+3 123 

100+20+3 123 



10000 + 2000 + 300 369 

2000+400 + 60 246 
300 + 60 + 9 123 

10000 + 4000 + 400 + 600 + 120 + 9 1^51,29 (100+20+3 

100 00 

200 ) 51 29 
20 44 00 

220 
240 ) 729 
3 729 

243 

In the square of the literal quantity, the first three 
terms are the same as above; hence (a + 5) is the root of 
it, and the next divisor must be contained c times in the 
remainder of the square; that number is 2a + 2^ + c, 
which is found by doubling the root already found and 
adding to it the next figure c of the root. 

Cob. — In order to extract the square root of any num- 
ber, point it off in periods of two figures each, beginning 
at the units; then find the greatest root of the first 
period aud place it in the root, square it and subtnict 
the square from the period, briug down the next period, 
and for a trial divisor double the root already found, and 
see how often it is contained in the dividend, reserving 
the right-hand figure ; as often as it is contained, place 
the figure in the root and in the divisor, to the right of 
the trial divisor. Continue this method each time until 
the whole root is found. 
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EXAMPLES. 

1. Extract the square root of 9801. 

2. Extract the square root of 103041. 

3. Extract the square root of 197136. 

4. Extract the square root of 998001. 

5. Extract the square root of 603729. 

As a fraction is squared by multiplying it by itself, 
thus. I X I = Jf , so its root is extracted by extracting 

the roots of both itg terms; hence, VH = i> Vff = J, 

VH = h etc. 

By a proposition in Geometry, it is proved that the 
square described on the hypothenuse of a right-angled 

triangle is equivalent to the 
sum of the squares de- 
scribed upon the base and 
perpendicular; thus, 

Lot ABC be a right- 
angled triangle, AB the 
base, AC the perpendicu- 
lar, and BC the hypothe- 
nuse. AB is 3 feet long, 
and contains 9 square feet ; 
AC is 4 ft., and contains 16 sq. ft. ; and BC is 5 ft., and 

contains 25 sq. ft., equal to the sum of AB^ and AC^. 

This figure is exemplified by the walls of a house, 
vrhich are always perpendicular to the surface of the 
earth or to the street. If the foot of a ladder rest on the 
ground some distance from a house, and the top of the 
ladder against the house, the distance of the foot of the 
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ladder from the honse is the base, the height of the 
house from the ground to the top of the ladder is the 
perpendicular, and the ladder is the hypothenuse. 

EXA M PLES. 

1. A ladder 25 feet long, whose foot is 15 feet distant 
from the house, just reaches the top of the house. How 
high is the house ? 




Let h = base. 

p = perpendicular. 
h = hypothenuse. 



p^ = A^— ^ .-. 25 X 25 = 625 
^ = VA^ — ^ 15 X 15 = 225 

b = VA'— i?^ 4^00 {20= p. 

4_ 
) 00 

2. What is the length of the diagonal of a square, esjch. 
side of which is 12 feet? 

The diagonal of a square is the same as the hypothe- 
nuse, having base and perpendicular the same. 

12 X 12 = 144 D| 71^ 

12 X 12 = 144 

V^88 = 

A 

3. What is the length of the diagonal of a rectangle 
whose sides are 45 and 60 ? 
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4. A ladder 75 feet long being placed with its foot in 
the street reaches a window on one side 45 feet high, and 
on the other side 60 feet high. How wide is the street? 

Ans. Street, 105. 




When a number is both integral and decimal, as 
455.742, the integers must be pointed off as if there were 
no decimals, and the decimals as if there were no in- 
tegers ; thus, 4'55.74'20'. Add more ciphers if necessary. 

To extract the square root of a fraction whose denomi- 
nator is not a perfect square, multiply both terms of the 
fraction by the denominator ; thus, to extract the root 

of i. i X 5 = H. 

The root of the denominator is now 5 ; of the numer- 
ator, 15.0000 ( 3.873 

9 

68 ) 600 

44 



767 ) 5600 
5369 



774 ) 23100 
The result = -^^^ = .7746 nearly. 

CUBE EOOT. 

The Cube is a solid having for its base a square and 
every side equal to the base all equal squares; it has 
therefore three dimensions, all equal ; and as 1 foot is 12 
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inches, let the base be a square, each side 12 inches ; the 

square will contain 144 square inches, and for every inch 

in height 144 solid inches, and 12 in height 1728 solid 

inches ; that is 

12 X 12 X 12 = 1728. 

The cube of 1 is 1, and of 2 it is 8. 

1x1x1 = 1, or 2x2x2 = 8, 

and the cube of 12 is 1728 increased three figures. 

9x9x9 = 729, and 99 x 99 x 99 = 970299. 

The cube of the largest digit has three places of figures, 

and the cube of two places of the largest digits has six 

places of figures ; therefore, the increase for one figure in 

the root is three in the cube; hence the pointing off in 

periods of three figures. 

Extracting the cube root consists in having given the 

cube or solid contents to find a side. 

Hem. — As the cube is the product of three dimensions, and as 
the root is one of those dimensions, the divisor must necessarily 
have two dimensions. 

As 11 X 11 X 11 = 1331 = (10 + If = 1331. 
Literal a = 10, 5 = 1. 

a +5 



a +i 

^ 

8a«+3aJ+ja ) M^ + ^ah^+V 
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a +b+c 
a +h-\-c 



a^+ab-\-ac 
ab-\-V^+bc 

+ac + bc + c?^ 

d^-\-2ab+iti+2ac+2bc+t? 
a +b +c 

a^+2a^b+ai^+2a^c+2abc+a(? 

a^b+2ai^+b^ +2abc+b€^+2l^c 

a^c+2abC'hi^c+2a(^+2bc^+<fi 

a^+da^b+da6^+b^+3a^c+6abc+3a€^+Sbd^+3l^c+(^ 
a«+8a«&+8a5*+5«+3a«cx6a6c+86*c+3a(^ + 35c»+c*( 



8o« + 3a6+6» ) 8a«6+3ad«+6» 
3a»6+3a6»+6» 



8a« + 6a6+36»+3a<j+36c+c«) +3a»c+6aJc+86«c+8ac«+86c«+c» 

3a«c+6a6c + 36«c + 3ac» + 36<^ + c' 

In the first exemplification, it is evident that the first 
term of the root is a, the cube of which is a^ ; the second 
term of the root is S, and the divisor must be contained 
in what remains after deducting a^ exactly b times ; hence 
it must be Sa^+Sab+l^ =, which is composed of 3 times 
the square of the first tenn of the root, three times the 
product of the first and second terms of the root, and the 
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square of the second tenn. In the second exemplifica- 
tion, the first and second terms of the root are obtained 
as in the first exemplification, and the third term mast 
be c ; the divisor must therefore be contained c times in 
what remains,- hence it must be Sa^-j- Qah + 36^ -f Zac + 
Sbc-\-(y^; and how has it been obtained ? Ans. In the 
same way that the second divisor was obtained, viz., 
first by taking 3 times the square of the root already 
obtained ; secondly, 3 times this root multiplied by c, the 
next term, and the square of c^ the last term of the root 

EXAM PLCS. 

1. Extract the cube root of 1.331. 



300 


1,331 ( 11 


30 


1 


1 


331 


331 


331 



Rbm. — Always use the root already found as tens, as it is so 
relatively to the next figure of the root, so that the first 1 must be 
regarded as ten, and its square 100 x 3 = 30 ; then in multiplying 
the first figure of the root it must again be regarded as 10. 

2. Extract the cube root of 970299. 

970,299 ( 99 
729 



24300 ) 241 299 
2430 241 299 
81 

26811 
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4. What are the dimensions of a cube containing 
1728 cu. in. ? Ans, 12 in. 

It is demonstrated in Geometry that similar cubical 
bodies are to each other as the cubes of their like dimen- 
sions ; as, if a cube of 1 inch weigh 2 lbs., one of three 
inches would weigh 27 x 2 = 64 lbs. 

5. How many cubes whose edges measure J inch, 
would be contained in a cubical block whose edges are 
2 inches ? 

i X i X i = ii>r. 
2x2x2 = 8x^ = 512, Ans. 

6. How many shot, -^ inch in diameter, can be made 
of a globe of lead 4 inches in diameter ? 

IT ^ IT ^ te ^ nnnr* 
4x4x4 = 64 X ^^ = 252144, Ans. 

7. How many cubes whose edges measure \ in. is con- 
tained in a cubical block whose edges are 3 inches? 

Ans. 629 cubes. 

8. How many square feet in the surface of a cube whose 
volume is 3375 cubic feet? Ans, 1350 sq. ft. 

9. What is the length of an edge of a cubical bin 
which contains 500 bushels of wheat? 

Ans.. 8 feet 6 inches. 



Series of Commoj^ Diffebejvces. 



A Series of Common Differences^ nsually 
termed Arithmetical Progression, is a series in which the 
difference of any two consecutive terms, taken in order, 
is the same ; as, in the series 

(1.) 1, 2, 3, 4, 5, 6, etc. 

The first term is 1, and the common difference is 1. 
This is an increasing series, as each successiye term is 
larger than the previous one. 

18 8 4 

(3.) 1, 3, 5, 7, etc, 

is an increasing series, and the common difference is 2. 

18 8 4 

(3.) 2, 5, 8, 11, etc., 

is an increasing series, and the common difference is 3. 

(4) 12, 10, 8, 6, 4, 2, etc., 
is a decreasing series, with a common difference of 2. 

Rem. — In an increasing series, the common difference is found 
by subtracting any tenn, except the last, from the following term. 
In a decreasing term it is found by subtracting any term, except 
the first, from the preceding term. 



170 SERIES. 



PROBLEM. 

The sum of a series of equal differences is equal to 
one-half the product of the number of terms and the 
sum of the first and last terms. 

Asy the sum of ten terms of the series^ 1^ 2^ 3^ etc., is 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10. 

10, 9, 8, 7, 6, 5, 4, 3, 2, 1. 

11, 11, 11, 11, 11, 11, 11, 11, 11, 11. 

Sum of all the terms of both series = 11 x 10 = 110, 
and sum of 1 series, 

ii:^ = 56. 
The series may also be written. 

Its 4 

a, a+dj a+2d, a+dd, etc., 
or, a, a—dy a — 2d, a — 3rf, etc 

In these series a represents the first term and d the 
common difference. 

Cor. — ^Any term in an increasing series is equal to the 
first term plus the difference taken once less than the 
number of terms, and in a decreasing series any term is 
equal to the first term minus the common difference 
taken as often as the number of the term minus 1, and 
any term may be regarded as the last term. Therefore, 
the expression for the last term in the former is 

I z=z a + {n — 1) d. 



SERIES. 171 

The expression for the last term in the latter is 

Z = a — (w — 1) rf. 

The last term is equal to the first plus or minus the 
product of the difference and the number of terms 
less one. 

EXAMPLES. 

1. Find the ninth term in the series 1, 3, 5, 7, etc. 

Formula.— Z = a + (ti — 1) d = 1 + (8 x 2) = 
17 = ninth term. 

2. Find the tenth term of the series 2^ 4^ Q, %, etc. 

Am. 20. 

3. Find the the fifth term of 12, 10, 8, 6, etc. 

Z = 12 — 8 = 4^ Ans. 

4. Find the sum of six terms of the series 1, 3, 

6, 7, eta 

Z = 11; 

^ = f (1 + 11) = 36. 

6. Find the sum of seven terms of 15, 13, 11, etc. 

Z = a — (w — 1) rf = 15 — 12 = 3. 
/S' = J (15 + 3) = 63. 

6. Find the sum of 100 terms of the series 1, 3, 5, 7, 
9, etc. 8 = 1000. 

7. Find the sum of a decreasing series, whose first 
term is 12 and the common difference ^. 8 =. 150. 

8. Insert three terms of a series between \ and \. 
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9. The first tenn of a series is 1 and the number of 
terms 23 ; what must be the common difference in order 
that the sum may be 149^ ? Com. di£ = ^. 

Formula 1. S = ^ (a — I). 

PoBMTJLA 2, I = a + {n — 1) d. 

Substitute I in 1st, 

5= |[2a + (^-l)eq; 

Divide by (n — 1), 

I — a = (n — l)d. 
Subtract a from both members, 

I — a 



n — l 



= i 



The common difference is equal to the last term minus 
the first divided by the number of terms less one. 

Hem. — ^When tenns are to be inserted, find the common differ- 
ence and then apply it. 

10. What is the sum of an increasing series whose 
first term is \, the common difference ^, and the sum of 
the terms 20 ? Sum = 105. 

11. What is the sum of an increasing series whose first 
term is 2, common difference 3, and number of terms 12 ? 

8 = 222. 



Series of Equal Ratios. 



5 


6 


16, 


32. 


ar*, 


ar^. 



A Series of Equal Matios, improperly called 
Geometrical Progression, is one in which the ratios of 
any two consecutive terms taken in the same order is 
equal ; as, 1, 2, 4, 8, 16, is an increasing series, and any 
term divided by the one immediately preceding it gives 
a quotient of 2. 

1 « 5 A 

Observe the series, 1, 2, 4, 8, 
Write it literally, a, ar, ar^y ar^, 

a = 1st term, and r = ratio. 

Each term is equal to the product of the 1st term and 
the ratio raised to the power of the number of terms less 
one. FoBMULA (1). n^ term = ar*-\ 

PROBLEM. 

To find the sum of a series of equal ratios. 

Take the literal series and form an equation, 

8 = a+ar + ar^-^ar^+ar^+ar^, (1) 

and multiply both terms by r, 

Sr = ar-[-ar^-\-ar^-\-ar*-\-ai^-\-ar^. (2) 

Subtract the 1st equation from the 2d, 

Sr — S = ar^ — a = a{r^ — 1). 

Factor the terms, 

(r-l)/S = a(r«-l). 
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Divide both members by r — - 1, 
Formula (2), S = ?i!lzL^. 

In this formnla the ratio is raised to the power of the 
number of terms, which may be designated by Uy and the 
formnla will become, 

8 = ^JTlZ^. (3) 

r — 1 ^ 

In this formula, substitute the formula of last term; 

thus, 

rfi^ term or Z = ai*~^. 

Multiply both members by r, 

rl = ar", 

^ a(r* — 1) ar^'-a nl — a ... 

O = :i — = T- = --• (4) 

r — 1 r — 1 r — 1 ^ ' 

Cor* — The sum of the series is equal to the product of 
the ratio and last term, diminished by the first term and 
divided by the ratio less one. 

EXAMPLES. 

1. Find the 10th term in the series, 1, 2, 4> 8, 16, etc. 

Formula. n^ term = ar^^ = 1x2* 

= 1x2x2x2x2x2x2x2x2x2 = 512. 

2. Find the 6th term of 64, 32, 16, etc. The ratio is f 

71^ term =: ar^~\ 
6th = 64x(i)5 = 64xixixixixi = 2. 

3. Find the sum of 5 terms of 1, 2, 4, 8, etc. 

_ g(^ 1) _ 1 ( 2" - 1) _ 1 (31) _ „. 

^ - r-1 - "^-^r" - -T~ - ^^• 

4. Find the Bum of 8 terms of 1, 3, 9, 27, etc. 



COMPO UJfD IJ^TEBEST. 



Com/pound Interest consists in adding the inter- 
est to the principal as often as the interest becomes dne^ 
until the end of the time M which it is at interest. 

When a sum of money is at interest for a considerable 
time, and no interest has been collected, although it was 
specified that the interest was payable annually, semi- 
annually, or quarterly, and the interest is computed on 
the principal for the specified time of interest, and at the 
end of such period added to the principal, this is called 
Compound Interest ; thus, the interest of |1 at %% for 
1 year is $.06, which if added to the principal makes 



X.VU. XilU latiu \ 


will uc ^ 


rtrtr> "A ■*^' 


V/U , LUCICXUXC, 


11.06 is 
1.06 


the amt. of 11 for 1 yr. at 6^ = R. 


1.1236 
1.06 


<i 


a 


2 yrs. at 6^ — B^. 


1.191016 
1.06 


a 


a 


3 yrs. at 6^ = IP. 


1.26247696 
1.06 


u 


Ci 


4 yrs. at Q% — JB*. 


1.3382255776 
1.06 


t( 


66 


5 yrs. at Q% = ^. 


1.418519112256 

1 


u 


6i 


6 yrs. at Q% — i?. 



.418519, called 42 cents, is the compound interest of 11 

for 6 years at 6^. 
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Let R = 1.06, then S?, etc. will be the amt. of 11 foi 
one, two, etc. years, R" for n years. 

If the interest were payable semi-annually, it would be 

1.03 to the power expressed by double the number of 

years; thus, 

1.03 = R. 

(1.03)« = iP2. 

If quarterly, (1.015)3* = R^. 

R representing respectively 1.06, 1.03, and 1.015. 

After the manner of the above computation, form a 
table for the amount of |1 for 50 years at 2^, 2^^, etc., 
to 10^, and as a number in being multiplied by itself is 
said to be raised to higher powers, as above, 

Rx Rx R = R^, 
R^x R^ = R^y 
R^xR^=z R'. 

When a number is raised to higher powers, the 
product has the sum of the powers ; therefore, by this 
table, the compound amount of $1 for any number of 
years cau easily be found, and from the amount subtract 
1 and the remainder will be the compound interest. 

Rem. — If there be a few months or days time above the speci- 
fied time which cannot be had from the tables, take the highest 
amount in the tables and compute the balance of time on it as in 
simple interest, and add it to the amount obtained from the 
tables. 
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TABLE 

Bhoving the amount of $1, at 2^, 3, 3^, 4, 5, and Qfo, compound mt, 

from 1 ^ 20 years. 



Yrs. 


2i%. 


Sfc. 


8i%. 


4%. 


5%. 


6%. 


1 


1.025000 


1.030000 


1.035000 


1.040000 


1.050000 


1.060000 


2 


1.050625 


1.060900 


1.071225 


1.081600 


1.102500 


1.123600 


3 


1.076891 


1.092727 


1.108718 


1.124864 


1.157625 


1.191016 


4 


1.103813 


1.125509 


1.147523 


1.169859 


1.215506 


1.262477 


6 


1.131408 


1 . 159274 


1.187686 


1.216653 


1.276282 


1.388226 


6 


1.159693 


1.194052 


1.229255 


1.265319 


1.340096 


1.418519 


7 


1.188686 


1.329874 


1.272279 


1.315932 


1.407100 


1.503630 


8 


1.218403 


1.266770 


1.316809 


1.368569 


1.477455 


1.593848 


9 


1.248863 


1.304773 


1.362897 


1.423312 


1.551328 


1.689479 


10 


1.280085 


1.343916 


1.410599 


1.480244 


1.628885 


1.790848 


11 


1.312087 


1.384234 


1.459970 


1.539454 


1.710339 


1.898299 


12 


1.344889 


1.425761 


1.511069 


1.601032 


1.795856 


2.012197 


13 


1.378511 


1.468534 


1.563956 


1.665074 


1.885649 


2.132928 


14 


1.412974 


1.512590 


1.618695 


1.731676 


1.979932 


2.260904 


15 


1.448298 


1.557967 


1.675349 


1.800944 


2.078928 


2.396558 


16 


1.484506 


1.604706 


1.733986 


1.872981 


2.1P2875 


2.540352 


17 


1.521618 


1.652848 


1.794676 


1.947901 


2.292018 


2.692773 


18 


1.559659 


1.702433 


1.857489 


2.025817 


2.406619 


2.854339 


19 


1.598650 


1.753506 


1.922501 


2.106849 


2.526950 


3.025G00 


20 


1.638616 


1.806111 


1.989789 


2.191123 


2.653298 


3.207136 



BXAMPLES. 

1. What is the compound amount of $500 for 12 yrs., 

at 6%? 
The number in the table opposite 12 years, at 6%, is 

2.0121965x500 = $1006.09825. 

If for 12 years and 6 months, 

2.0121965 X 1.03 = 2.0725624 x 500 = $1036.2813. 

If for 12 years and 3 months, x 1.015. 
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For any other time, as for a few days, compute the 
interest on the tabular number as you would in simple 
interest, and add it to the number of the table. 

2. Find the compound amount of 1100 for 100 years, 
at 65g. 



The tabular number for 50 years is 

18.420154 = .B» X iZ» = .B^. 
18.420154 

339.3021 X 100 = 133930.21. 

3. Find the compound amount of $100 for 5 yr. 1 mo. 
20 da., at 6^. 

The tabular amount for 5 years is 1.3382256. 

1 mo. 20 da. = 50 da. 

L3382256 x xlir = .0111519. 

1.3382256 
.0111519 

1.3493775 x 100 = 1134.94, 

amt for 5 yr. 1 mo. 20 da. 

In the above, the interest was payable annually. 

4. Find the amount of $500 for 5 years, at 6^, interest 
payable semi-annually. 

The tabular number opposite Z% for 10 years is 

1.34391638 
500 

1671.95819 
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The same at 8^^ payable quarterly, the tabular num- 
ber opposite %% for 20 years is 

1.4859474 
500 

1742.9737 

(1.) a^zPxR'. 

The amount is equal to the principal x ratio to the 
power of the time. 

(2) i = P- 

The principal is equal to the amount -£- ratio to the 
power of the time. 

(3.) J = iZ". 

The ratio to the power of the time = the amt. divided 
by principal. 

Formula (1).— Multiply the tabular number opposite 
time and rate by principal for the amount. 

Formula (2). — The principal is equal to the amount 
divided by the tabular number. 

Formula (3). — To find the rate, divide the amount 
by the principal, and find the quotient arising therefrom 
in the table opposite the time, and the rate in which it 
is found will be the true rate. 

To find the time, do the same, and look in the column 
of the given rate until you find the number opposite the 
proper time. 
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5. What principal will produce 12078.93 in 16 years at 

6. At what rate will $450 produce $971.52 in 10 years ? 

Ans. S%. 

7. In what time will $500 produce $1091.44 at 5^ ? 

Ans. 16 years. 

8. In what time will $500 produce $1000 at 6% ? That 
ief, in what time will any sum double itself at 6% ? 

In the table the amount of $1 at 6% for 11 years is 
1.8982986, wanting .1017014 to be double. This is 
^VV of the amount = .053574, the rate that 1.8982986 
is multiplied by to produce .1017014 The rate at Q% is 
half the number of months divided by 100. 

Hence .053574 x 200 = 10.7148 months. 

30 

21.4440 days. 
Ans. 11 years 10 months and 21 days* 

ANNXHTIES. 

An Annuity is a certain sum of money received 
annually. It may be for a certain fixed time, when it is 
called a Certain Annuity. 

It may begin or end with the birth or death of one or more 
persons, when it is called a Contingent Annuity. 

A Feirpetual Annuity is called a Ferpetuity* 

An Immediate Annuity begins at once. 

A Deferred Annuity, or an Annuity in Eeversion, 
begins at a future time. 

A Forborne Annuity is one in arrears. 
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A sum of money at a given rate of interest produces 
the same interest every year ; this interest is the annuity; 
hence a perpetuity is the interest of a fixed principal at a 
fixed rate of interest, and this principal is the present 
value of the perpetuity. 

Let P represent principal or present value. 

Let^ represent perpetuity. 

Then (1.) P x r = p 
The perpetuity is the interest of its present worth. 

(2.) P = ^. 

The present worth is equal to the perpetuity divided 
hy the rate per cent., and the rate is equal to the perpe- 
tuity divided by the present worth. 

(3.) r = f . 

EXAMPLES 

1. What perpetuity will a fixed sum of $6000 yield at 
the fixed rate of 5^ ? 

6000 X Tf^ = $300. 

2. What perpetuity will property yield whose fixed 
value is $1200 at a fixed rate of 6%, 

$12000 X ,U = $'^^0 

Rem. — The present value corresponds to the principal in simple 
interest, and the perpetuity to the interest of the present value. 

3. What is the present value of a perpetuity of $300 a 
year at 6%: 

2d Formula. P r=.^' 

r 

P = -^ = 300 X H^ = $6000. 
TSir 
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4. What is the present value of a perpetuity of 1350 
at 4^? 

P = I = ?f^ = 250 X J^JJ^ = 6250. 

5. "What is the present value of a deferred annuity of 
$300 at 6^, to commence twenty years hence ? 

300 X ^ = $5000. 

As $5000 at 6^ produces $200 a year, the present value 
is such a sum of money as will amount to $5000 in 20 
years at 6.^ compound interest. This sum is the quotient 
of $5000 divided by the amount of $1 in 20 years at 6^. 

Tabular numbers for 20 years at 6^ is 
3.2071355 ) 5000.0000000 ( $1559.02 = present value. 

6. What would be the present value of an annuity of 
$300 at 6^, to begin immediately and continue 20 years? 

$5000 — $1559.02 = $3440.98. 

7. What is the present value of an annuity of $300 at 
6^, to begin in 10 years and then continue 10 years? 

Present value of an annuity to begin in 10 years. 

1.7908477 )^ 5000.00000000 ( 2791.97 
Presei^t value of an annuity to begin 

in 20 years 1559.02 . 

Present value of an annuity to begin 
in 10 years and continue 10 years. $1232.95 
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8. What is the forborne value of an annuity of $300 
for 10 years at 6^? 

$5000 is the principal which has been at compound 
interest 10 years. 

The compound interest of $1 for 10 years is 

.7908477 
And for $5000 is 5000 

Is equal to $3954.2385 

9. The present value is $6000, interest 6^, payable 
semi-annually. What annuity will it yield ? 

Interest on $180 for 6 months, $5.40 
The semi-annual interest, 360.00 

$365.40 annuity. 

10. What is the present value of an annuity of $400, 
payable quarterly; interest at 5^, payable yearly? 

$100 X 9 mo. = $100 X 18 mo. at b% = $7.50 
100 X 6 mo. 400 

100 X 3 mo. 407.50 x ^ 

= $8150.00 = present value. 

12. What is the present value of an annuity of $800, 
payable quarterly ; interest also payable quarterly ; rate 
? Present value = 16000. 



Rem. — ^When the payments of the annuity and of the interest 
on the present value are the same, the computation is the same as 
if both were annuaL 
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13. Find the present value of a perpetual annuity of 
$540^ beginning ten years hence, rate of interest 6^. 

15025.55 = present value. 

14. Find the present value of a certain annuity of 
$650, beginning at this time and continuing 15 years, 
rate 5^ $6746.78 = P. V., C. I. 

15. Find the present value of an annuity of $150, to 
commence in 10 years and then continue 10 years, rate 
of interest 6^. 

Present value of annuity deferred 

10 years 1395.99 

Present value of annuity deferred 

20 years 779.51 

Present value of annuity for 10 yr. $616.48, Pres. value. 

16. What is the value of an annuity of $300, unpaid 
for 12 years, rate 6^ ? Am. $5060.98. 

17. A man pays $100 a year for wine and tobacco ; 
what will that amount to at the end of 50 years, allowing 
6^ compound interest ? Ans $29033.59. 

Rebc. — Strict attention must be given to the formulas of annui- 
ties, and the students may repeat the examples given until they 
become familiar with the various formulas. 
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DEFINITIONS. 



!• Determining the areas of surfaces and the volume 
of solids is called Mensuration. 

3. A Siirfacey has two dimensions, as length and 
breadth; a Solid has three dimensions, viz., length, 
breadth and thickness. A level surface is called a plane, 

3. A Line has length only. 

4. Any position on a surface or a line is a Point* 

5. The divergence of two straight lines fi*om a point 
is an Angle. 

6. If the two straight lines are perpendicular to each 
other, the angle is called a Right Angle, 

7. An angle less than a right angle is an Acute 
Angle. 

8. An angle greater than a right angle is an Ohtuse 
Angle. 

9. A plane figure having three angles is a Triangle, 

10. A plane figure having four angles is a Quad^ 
rUateral. 
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11. If the angles of the quadrilateral are right angles 
it is a Rectangle^ and if the sides of the rectangle are 
equal it is a Square* 

13. If the opposite sides of the quadrilateral are 
parallel without the angles being right angles, it is a 
Parallelogram. 

13. A plane figure of any number of sides has the 
general name of Polygon. 

MBASUEEMENT OP SURFACES. 

PROBLEMS. 

1. To find the area of a rectangle, multiply the base by 
the altitude. 

2. To find the area of a parallelogram, multiply the 
base by the altitude (Geometry). * 

3. To find the area of a triangle. It is also proved by 
Geometry that a triangle is one-half a rectangle or 
parallelogram of the same base and altitude ; therefore 
one-half the product of the base and altitude is the area 
of a triangle. 

EXAMPLES. 

1. How many square feet in a board 12 ft. long and 
1 ft. wide ? Ans, 12 sq. ft. 

2. How many square feet in a board 12 ft long and 
10 in. wide ? 

12 X H = 10 sq. ft. 

3. How many square feet in a board 12 ft. long and 

^ in. wide ? 

12 X A = 9 sq. ft. 
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4. How many square feet in a room 18 ft. long and 

12 ft. wide ? 

18 X 12 = 216 sq. ft 

5. How many square yards in a room 18 ft long and 
12 ft wide ? 

^^2^ == 24sq. yd. 

6. How many square feet in a room 16 ft. 9 in. long 
and 12 ft 6 in. wide ? 

8S 
6 7 TIk 

4 4 

8 

•*• T^ = *^ = 209|8q.ft. 

7. How many square feet in a wall 18 ft. 9 in. long 
and 9 ft 6 in. high ? 

8S S7 

:^ X W = "ff^ = ^^f^ = 178J sq. ft, Am. 

4 4 

8 

8. How many square feet in a wall 16 ft. long and 9 ft 
6 in. high? Arts, 152 sq. ft- 

9. How many square feet in the four walls of a room 
having the dimensions of 7th and 8th examples ? 

Ans, 660|^ sq. ft 

10. What number of square feet in the floor or ceiling? 

75 4 

^ X 10 = 300 sq. ft in each. 

11. How many square feet of plastering, in the walls 
and ceiling of this room ? How many square yards ? 

1st Ans, 960J sq. ft 2d Ans. 106||. sq. yd. 
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12. How many square feet in the roof of a house 50 ft 
long and the rafters on each side of the roof 25 ft. long ? 

50 X 50 = 2500 sq. ft. 

13. How many shingles, each shingle covering 6 in. by 
4, will it take to roof the house ? 

6 

2500 sq. ft. X i^M 1 -^^^ , . 1 
^~2 = 15000 shingles. 

14. How many square yards of plastering in a house 
20 ft. front, 60 ft. deep and 36 ft. high ; three stories in 
height ? and how many shingles to roof it, each covering 
8 in. by 6, and the entire length of the roof 64 ft., the 
width 20 ft. ? 1st Arts. 1040 sq. yd. plastering. 

2d Jns. 3840 shingles. 

15. What is the area of a triangle whose base is 24 in. 
and the perpendicular distance from the vertical angle 
to the base 9 in. ? 

IS 

^^^ = 108 inches. 

MEASTIEEMENT OP CIRCLES. 

Def. — A Circle is a plane figure bounded by a curved 
line called the circumference, every point of which is 
equally distant from a point within, called the centre. 

PROBLEMS. 

1. To find the circumference of a circle, having given 
the diameter. Multiply the diameter by 3.1416 
(Geometry). 
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2. To find the diameter, having given the circum- 
ference. Divide the circumference by 3.1416. 

3. To find the area of a circle. Multiply the circum- 
ference by one-fourth the diameter. 

Let D = diameter, 

then D x 3.1416 = circumference, 

and D x '$MH x t = ^ x .7854; 

or, multiply the square of the diameter by .7854. 

EXAMPLES. 

1. Find the circumference of a circle whose diameter 
is 2 ft Ans. 6.2832 ft. 

2. Eind the diameter of a circle whose circumference 
is 6.2832. Ans. 2 ft. 

3. Find the area of a circle whose diameter is 2 ft. 

2 X 2 X .7854 = 3.1416 sq. ft. 

Prob. 4. — Find the space between two concentric 
circles. Find the area of both circles, and the difference 
of the areas will be the area of the space. 

Ex. 4. Two circles have the same centre; the larger 
one has a diameter of 4 feet and the smaller one of 
2 ft What is the area of the space between them ? 

4 X 4 = 16 
8x2=^ 

12 = .7854 = 9.4248 sq. ft. 
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CUBIC MEASURE. 

DEFINITIONS. 

1. A Might JPrism is a solid which has equal and 
parallel polygons for its hases, and its edges are perpen- 
dicular to the bases. 

3, If the bases are squares and each face square and 
equal to a base^ the figure is called a Cvbe. 

3. When the bases are circles, the figure becomes a 
Cylinder. 

4z. Figures with a polygon for a base and tapering 
to a point are called Pyramids. 

6. If the upper part is cut off by a plane parallel 
to the base, the lower part is called the Frustum 
of a Pyramid. 

6. When the base is a circle and the figure tapers 
to a point, it is called a Cone. 

?• If the upper part is cut off by a plane parallel 
to the base, the lower pai*t is called the Frustum, 
of a Cone. 

PROBLEMS. 

To find the volume of a prism or cylinder. 

Multiply the area of the base by the altitude. (Geom.) 

If it be a cube, the cube of an edge will be the volume. 

Rem. — ^The lateral sxirface of a prism or cylinder is the product 
of the altitade and the perimeter of the base. 
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EXAMPLES. 

1. What is the volume of a prism whose base contains 
6 sq. ft. and altitude 5 feet ? 

6 sq. f t X 5 ft. = 30 eu. ft. 

2. What is the volume of a cube whose edges are each 
3 feet ? 3 X 3 X 3 = 27 cu. ft 

3. What is the volume of a cylinder whose base con- 
tains 12 sq. ft. and its altitude is 5 ft. 

12 sq. ft. X 5 f t. = 60 cu. ft. 

PRO BLEM . 

To find the volume of a pyramid or cone. 

Multiply the area of the base by one-third the altitude. 

EXAMPLES. 

1. What is the volume of a pyramid whose base con- 
tains 15 sq. ft. and altitude 9 ft. ? 

15 X 3 = 45 cu. ft. 

2. The volume of a pyramid is 90 cu. ft. and the alti- 
tude 9 ft. ; what is the area of base ? Arts. 30 sq. ft. 

3. What is the volume of a cone whose base contains 
36 sq. ft. and its altitude is 18 ft. ? Ans. 316 cu. ft. 

PROBLEM. 

To find the volume of the frustum of a pyramid or 
cone. 

The volume of the frustum is equivalent to three 
pyramids or cones, one having the lower base for its base, 
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the eecond having the upper base for its base, each hav 
ing for its altitude the altitude of the frustum, and the 
volume of the third pyramid or cone is a mean propor- 
tional between the other two. 

Therefore, extract the square root of the product of the 
areas of the lower and upper bases, and add together this 
root and the areas of the two bases and multiply their sum 
by one-third the altitude of the frustum, and this product 
will be the volume of the frustum. 



EXAMPLES. 

1. The areas of the lower and upper bases of the frus- 
tum of a pyramid are 16 sq. ft. and 9 sq. ft., and the 
altitude is 12 ft. ; what is the volume of the frustum. 

16 X 9 = Vl44 = 12 

16 

37x4 = 148 cu. ft. 

DEFINITION S. 

1. A Sphere is a solid with a curved surface, every 
part of which is equally distant from a point within 
called the centre. 

3. The Axis or Diameter of a sphere is a straight 
line passing through the centre and terminated at both 
ends by the surface. 

3. A Radius is one-half the diameter, or a straight 
line drawn from the centre to any point of the surface. 
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PROBLEMS. 

I. To find the surface of a sphere. 

The surface of a sphere is eq^ual to the product of the 
circumference and diameter. 

n X D X D =. surface. (Geometry.) 

CoK, — The surfaces of spheres are to each other as the 
squares of their diameters. 

HXAMPLES. 

What is the surface of a sphere whose diameter is 3 ft. ? 
Circumference = 3.1416x3. 
Surfaxje = 3.1416 x 3 x 3 = 28.2744 sq. ft. 

II. To find the volume of a sphere. 

The product of the surface and -J the radius or ^ the 
diameter. 

TT = 3.1414 and D = diameter. 

Vohime = 7rx-Dxi>X-7r = .5236 xM 

o 

The volume of a sphere is equal to the cube of the 
diameter multiplied by .5236. 

CoR. — The volumes of spheres are to each other as the 
cubes of their diameters. 

EXAMPLES. 

1. What is the volume of a sphere whose diameter is 
2 feet ? .5236 x 8 = 4.1888 cu. ft. 

2. How many shot -^ of an inch in diameter may be 
made of a ball of lead 6 inches in diameter ? 

6x6x6 _ (3 ;^ 6 X 6 X 16 X 16 X 16 == 884736 shot. 
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